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ABSTRACT

Loss measurements were conducted using a five-hole conical
pneumatic probe in a subsonic wind tunnel containing a modeled
cascade of controlled diffusion (CD) stator blades v~lloring
reference measurements at high incidence one blade was modi-
fied (slotted at the leading edge) in an attempt to (passive-
ly) reduce the size of the leading edge separation bubble and
thereby improve performance. Prior to the surveys, the acqui-
sition and reduction software was modified to provide loss
calculations using both mass-averaged and fully-mixed-out
conditions for the upstream and downstream flows. Results
showed that the mass-averaged method provided the more consis-
tent results, and this was explained. The slotted leading
edge blade was found to produce less loss than the reference
blade, and it was concluded that the control concept should be

explored in more detail.
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English Letter Symbols

AVDR
CI"

Cr

M

n

Axial Velocity Density Ratio
Pressure Coefficient

Mass averaged coefficient of pressure from
instrumented blade

Static pressure rise coefficient

Mixed flow static pressure rise coefficient
Chord

Specific heat at constant pressure
Span-wise depth of control volume

Mach number

NHumber of scans

Pressure

Dynamic pressure

Blade spacing

Temperature

Velocity

Position of probe in blade-to-blade direction

Nondimensional velocity

Greek lLetter Symbols

p

-

Flow angle

Ratio of specific heats




(A Loss coefficient

P Density

Subscripts

1 Upstream survey station

u Downstream survey station

a 7 Atmospheric

L Local

p Measured in the plenum

ref Reference value derived from plenum stagnation

and atmospheric pressures

S Static

t Stagnation or total

mix Mixed-out condition

Superscripts

. Ensemble average of values during a survey

=li




I. INTRODUCTION

The current drive for highly maneuverable, short take off
and landing (STOL), and short take off, vertical landing
(STOVL) aircraft is generating a demand for efficient aircraft
engines which are also capable of operating stably at extreme
angles of attack and with distorted inlet flow fields. Such
operating conditions push the engines towards stall. Hence
there is need for accurately predicting the available stall
margin for a new engine, and for developing compressor designs
which have wide stall margins at high efficiencies.

Developing components and testing assembled engines for
performance and stable operating margins, is enormously costly
and a lengthy rprocess. Computational fluid dynamics (CFD)
potentially provides a means of modeling the engine flow
fields and of evaluating the stall margin and efficiency
during the design process. Thus the designer has the ability
now to select and incorporate compressor blade shapes which
allow the engine to achieve the desired characteristics. The
CFD codes used for design purposes must first be validated by
comparison with cascade wind tunnel data for flow structure
and blade element performance. Laser doppler velocimeter
(LDV) systems provide information on the flow structure by
mapping the velocity field. Pressure probe measurements are

required to de*termine the loss coefficient, which is the key




measure of the blade performance. Accurate loss measurements
using a pressure probe in the Naval Postgraduate School's
(NPS) cascade wind tunnel facility, including exploratory
tests of a blade leading edge modification, were the focus of
the present study.

The cascade wind tunnel was configured with the mid
section of a controlled diffusion (CD) stator blade designed
by Sanger [Ref. 1] at NASA Lewis Research Center. Previous
studies with the present CD blading include the work of
Koyuncu [Ref. 2], who conducted pressure probe tests at air
inlet angles from 24.3 degrees to 47.2 degrees to establish
on- and off-design blade losses. Subsequently, Dreon [Ref. 3]
measured losses at various positions moving downstream through
the wake and concentrated on verifying the accuracy of the
loss measurements at the air-inlet angles of 40.3 and 43.4
degrees. The detailed flow structure was mapped by Elazar
[Ref. 4], who obtained LDV measurements of the flow through
the passage formed by adijacent blades, of the boundary layer
development on the blade surfaces and of the early wake
development. Hot-wire measurements were obtained by Baydar
[Ref. 5] to verify the LDV measurements of Elazar. Classick
[Ref. 6] improved the data acquisition and reduction process
for pressure probe measurements using new computer hardware,
documented a user manual and made demonstration measurements.
Classick's and Dreon's work provided the background for the

present study. The cascade flow field was found to be




acceptably periodic and showed good span-wise independence in
each of the earlier studies.

In the present work, the software and procedures developed
by Classick were used to obtain accurate measurements to
establish the blade element performance at a high air inlet
angle near stall. The measurements were used to examine the
possible standardization of cascade blade loss measurements in
terms of "fully mixed-out flow" conditions, and as a reference
against which to evaluate performance changes caused by
leading edge modifications. Cascade losses as evaluated from
the "mass-average" of stagnation pressure surveys can vary
depending on the locations of the probe survey stations.
Calculating the loss using the fully mixed-out conditions from
both the upstream and downstream survey stations, in principle
provides a loss measurement that is independent of survey
station. With respect to modifying the leading edge, at off-
design incidence angles, the leading-edge separation bubble on
the suction side of the blade generates a significant loss.
By introducing counter rotating streamwise vortices at the
leading edge of the blade (by creating a series of diagonal
slots to generate a pattern of oblique Jjets) early
reattachment will decrease the bubble size and subsequent
growth of the suction side boundary layer, thereby generating
smaller 1losses. Measuring accurately the 1loss of the
reference CD blade and a slotted CD blade will establish the

blade element performance improvement.




The present study involved further development of the
measurement procedures followed by reference and modified
blade measurements. First, the measured yaw angle was
correctly referenced to the blade row geometry, completing a
procedure initiated by Classick [Ref. 6]. Secondly, the fully
mixed-out loss computation was incorporated into the data
analysis software and the software was validated using an
analytically~constructed test case. A Reynolds number
subroutine was also added. Finally comprehensive pressure
probe measurements at an air inlet angle of 48.5 degrees were
obtained for the reference case and with a single slotted CD
blade inserted within the cascade of reference blades.
Conclusions of the study were that mass-averaged 1loss
coefficients can be evaluated with less uncertainty than fully
mixed-out loss coefficients because of the effects of slightly
varying cascade inlet conditions, and that the slotted blade
leading edge did create significant upper surface flow
modification, leading to a measured blade element performance
improvement.

The apparatus for the experiment is discussed in Section
ITI of this report. Section III discusses the test conditions,
calibration, referencing, survey runs, survey positions,
measurement uncertainties and outlines the measurements taken.
Section IV presents the results for the flow field, blade
performance, and effect of the modified leading edge on the

flow structure. The conclusions and recommendations follow in




Section V. Details of the work are contained in the
appendices. Appendix A discusses the slotted blade
development, from the concept to the final production
procedures. The software, in the form of progranms,
subprograms, data printouts and directory are provided in
Appendix B. The Reynolds number subroutine is shown in
Appendix C. Appendix D presents the fully mixed-out flow
theory and the validation test problem is given in Appendix E.
Appendix F addresses the probe angle referencing procedure.
It should be noted that Apperdix C of Classick [Ref. 6] serves

as a users guide to the computer and software.




II. EXPERIMENTAL APPARATUS

A. CASCADE WIND TUNNEL

Figure 1 shows the NPS cascade wind tunnel facility. The
test section and instrumentation are shown in Figure 2. A
detailed description of the facility, test section and CD

blading is contained in Sanger and Shreeve [Ref. 7].

B. CONTROLLED DIFFUSION BLADING

The design procedure for the reference CD blading is
described in Reference 1. Table 1 provides the blade
coordinates, cascade geometry and nominal conditions for the
tests. Figure 3 shows the profile of a blade and shows the
location of rressure taps on the instrumented blade (blade 10
from the left in Figure 2), and the partially instrumented
blade (blade 11). The slotted blade leading edge is shown in
Figure 4. The slotted blade development from the reference CD
blade is given in Appendix A. The reference blade and slotted

blade surveys were made behind blade 7.

c. INSTRUMENTATION
The five-hole conical probe used and described by Dreon
[Ref. 3] and calibrated by Classick [Ref. 6] was used for all

pressure probe measurements.
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BLADE GEOMETRY,

TABLE 1

CASCADE GEOMETRY AND NOMINAL TEST CONDITIONS

3 1} {presaurs side) 1) (suction sids)
(mm) {mm) (mm)
0.000 0.114 0ll4
0.056 — Q213
0.14§ 0.005
0364 0.il2 049
1.128 0237 a780
1.692 03N 1.024
2258 0528 1.240
2319 0.643 1.429
33%) 0.75% 1377
3947 0.£33 1.684
43511 0.889 1.755
5.075 0912 1.791
5639 0912 1.798%
6203 08N .73
6.767 0.869 1.730
1330 0.841 1.63)
7.894 0.8as 1.549
5.458 0.765 1.430
.02 0.714 1298
9588 0.653 1.151
10.150 st 0.998
10.714 0.48% 0.8343
11278 03N 0.686
11.844 0228 0523
12,409 0.048 a.148
12510 0.010
12609 aito
1728 0.157 0.157

Blade Type
Number of Blades

Blade Spacing

Solidity
Lesding Edge Radius

Treiling Edgo Rediug

Scning Angls
Stagger Angls

Spe

Cootrolled Diffusiors

162 cm

1270 am

1.67

0l1é e

Q15T e

™

142 *z01°

144 *t01°

2540 cn

HOMIMAL TEST CONDITIONS

Reynolds Na.(chard)
lalet

Towl Tempersaire
Toul Presnume
Mach Number
Exit

Swac Pressare

720.000
MK
1.03ATM
023

100 ATM
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Plenum thermocouple and pressure probes, Prandtl probe,
wall static taps and instrumented blades were as described by
Classick [Ref. 6].

Inlet and outlet flow angles were recorded using a yaw
transducer mounted on the probe shaft. Probe sensor holes P2
and P5 shown in Figure 5 were used for yaw angle balancing,
with a water manometer. The (linear) vyaw transducer was
zeroed in the vertical position and the span was set for the
range to be measured.

A turn counter was mounted on the motor-driven traverse
mechanism supporting the conical probe. The counter, which
was recorded manually, provided the probe displacement in the
blade-to-blade direction. A vernier scale on the probe mount,

also recorded manually, gave the span-wise displacement.

D. DATA ACQUISITION SYSTEM
1. Hardware
Figure 6 shows a schematic of the data acquisition
hardware used by Classick [Ref. 6] and in the present work,
without any changes.
2. Software
a. ACQUIRE
Program ACQUIRE was used to control the data
acquisition and store the collected data in memory. The
program was unchanged from the work of Classick. Appendix B

of Reference 6 contains the program flow chart and complete
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listing. The listing is included in Table B13 of the present
work.
b. CALC

Program CALC was used to reduce the data to
engineering quantities and parameters to be used in the
subsequent loss calculations. The flow of the program
remained the same as in Classick's work. However, the program
was modified to include calculation of the Reynolds number,
provide yaw angle reference to the cascade through-flow
direction and to provide additional parameters to pass to the
program segment computing fully mixed-out losses. The revised
listing and description of changes are given in Appendix B.

c. LOSS

Program LOSS was used to calculate the mass
averaged and fully mixed-out losses for the test blade from
the reduced data. The program was derived from the one
developed by Classick. The mass averaged portion was not
changed. Subroutine calls were added to calculate the mixed-
out conditions for the upstream and downstream measurements
and to calculate the loss based on the mixed-out conditions.
Additional programming was included to provide the new output.
Appendix B contains a complete listing of the program and

associated routines.
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ITI. TEST PROCEDURES AND PROGRAM OF MEASUREMENTS

A. TEST PROCEDURES

1. Setting Test Conditions

The inlet wall angle had been set previously at 48
degrees by Murray [Ref. 8]. A complete report of the angle
setting procedures is given in Appendix A, Section VI of
Reference 8. The inlet guide vanes were adjusted to ensure
constant inlet flow angle in both span-wise and blade-to-blade
directions. The adjustable upper walls were adjusted to
obtain uniform wall static pressures in the blade-to-blade
directions. All tests in the present study were conducted at
a wall angle setting of 48 degrees and an inlet dynamic
pressure (Q) nominally of 12.1 inches water. Atmospheric
pressure was monitored and upcdated every hour of testing if
necessary.

2. Calibration

Both Scanivalves were calibrated to give a digital
output in engineering units, prior to each test, using a
controlled source of shop air and a water manometer. The yaw
was referenced perpendicular to the cascade blade row entry
plane as described in Appendix F. Once this reference had
been established, the yaw transducer was scaled at two known

limits prior to each test, using a digital inclinometer.
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3. Referencing

Tunnel inlet conditions at the time of recording were
used to reference the pressure and velocity values obtained by
reduction of probe test data at each survey point. This was
done to eliminate the effects that small changes in the tunnel
supply conditions might have on the calculation of the mass
averaged loss coefficient (Duval [Ref. 9]) and the mixed-out
loss coefficient (Appendix D).

4. Probe Surveys

Pressure probe surveys involved recording a data scan
with the probe positioned at intervals varying from .05 to .6
inches. The surveys were conducted in span-wise directions
across the tunnel and in blade-to-blade directions along the
tunnel at the lower and upper traverse stations shown in
Figure 2.

5. Measurement Uncertainties

The yaw angle was referenced and calibrated to +.1
degree accuracy set by limitation of the digital inclinometer.
The balancing uncertainty for the yaw angle was found to be
*.05 degree (equal to the variance when rebalancing with the
probe in a fixed position after rotating the probe to
introduce an imbalance). DVM fluctuations were minimized by
using the average of five samples in the acquisition process,
this had no effect on the accuracy of mnmeasurements.
Scanivalve resolution was set to .001 inches of water with an

estimated uncertainty of 0.02 inches of water of approximately

17




20 inches of water. Probe position in the blade-to-blade
direction was measured using a counter with a resolution of
+.05 inches. Span-wise position was measured on a vernier

with a resolution of *.1 inches.

B. PROGRAM OF MEASUREMENTS

Probe surveys were conducted in the span-wise and blade-
to-blade directions to establish the cascade inlet condition
and the outlet flow fields behind the reference and slotted
blade. Table 2 contains a summary of the probe surveys
conducted, giving the survey number, the location, direction,
interval and number of the figure in which the reduced data
are shown plotted.

First, a set of probe surveys was conducted to establish
the flow qual’ty into the test section by spanning the entire
26 inches of traverse in the blade-to-blade direction.
Second, an upstream survey of the reference blade was
conducted in the blade-to-blade and span-wise directions.
Third, a downstream survey of the reference blade was
conducted in the blade-to-blade direction and in the span-wise
direction. Finally, a downstream survey of the slotted blade
was conducted in the blade-to-blade direction and in the span-
wise direction. This final blade-to-blade survey encompassed
two blade passages to provide data for the slotted blade and

an adjacent reference blade.
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SURVEY #

LOCATION

REFERENCE CASCADE:

1

UPSTREAM

UPSTREAM

UPSTREAM

DOWNSTREAM

DOWNSTREAM

DOWNSTREAM

TABLE 2

PROBE SURVEYS

DIRECTION

Blade-to-Blade
(Blades 4-13)

Span-wise
(Blade 7)

Blade-to-Blade
(Blade 7)

Blade-to-Blade
(Blade 7)

Span-wise
(Blade 7--
Suction)

Span-wise
(Blade 7--
Pressure)

WITH SLOTTED BLADE INSTALLED:

.

locations shown in Figure 2.

were

DOWNSTREAM

DOWNSTREAM

DOWNSTREAM

Blade-to-Blade
(Blades 7&8)

Span-wise
(Blade7~~
Suction)

Span-wise

(Blade 7--
Suction)

19

NOMINAL
INTERVAL
.6 1in
.05-.1 in
.1 in
.05-.1 in
.05-.1 in
.05~.1 in
.05-.1 in
.05-.1 in
.05-.1 in

FIGURE

7,8,9

11

10
13a,14a,
15a
l6a,17a

18a

19a, 20a
21la

13b,14b
15b

16b,17b
18b

19b,20b
21b

Upstream and downstream surveys were made at the traverse
The downstream span-~wise surveys

located one inch from a vertical extension of the




trailing edge in both the suction and pressure directions.
Measurement intervals were determined by the interval to be
surveyed. The tunnel surveys required intervals of .6 inches.
Upstream and downstream surveys were initially conducted at .1
inch intervals with the interval decreased to .05 inch
intervals when a measurable change in the flow conditions was
apparent. Instrumented blade surface pressure measurements
were recorded at the end of each of the blade-to-blade

surveys.

C. DATA REDUCTION AND PRESENTATION

The data collected were first scaled to engineering units
and stored in a "scaled" file (Table B7, Appendix B). The
scaled data were then reduced using the equations given in
Table 3. The reduced data were stored in a “calc" file (Table
B8, Appendix B). The "calc" file listing contains values of
Scanivalve gauge pressures, yaw transducer reading, plenum
temperature and atmospheric pressure. The ensemble averages
given at the end of the files represent the nominal test
conditions for the survey. Pressures are given in inches of
water.

The "calc" file provided the inputs for loss measurement
calculations. Figure B3, Appendix B 1is a program LOSS
printout. Referring to Figure B3 the upper portion provides
the name of the "calc" files used with the associated ensemble

reference values of the reference velocity, plenum pressure

20



and atmospheric pressure. The intermediate values in the loss
calculations using mass averaging follow, with the final
results next. Mixed-out loss intermediate values are output
next with the mixed out conditions of velocity, total pressure
and static pressure preceding the calculated value of the
mised-out loss.

Appendix B of Reference 6 defines and describes the
quantities Beta, Gamma and Phi which are listed in the "calc"
files. Table 3 and the 1list of symbols define all other

quantities in the "calc'" files and loss printouts.
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TABLE 3

DATA REDUCTION FORMULAE

PROGRAMMED
PARAMETER EXPRESSION EXPRESSION
X same
Y|
Pa ¥ 1/2
Xier 1- () same
p -
y-1
P L
) a 1/2
Xyor 1- (Y same
P,
Y
Py pt(l - XZ)Y'l same
Y
. 2 -1
P ratio P, ratio(l - Xmix)y same
N U
X (1-xH)¥L 11
: P P
P, ratio Y Same
2 -1
Xnix 1%~ 5 Prix
n
2 1
P = same
? Ty=1 P

22



>

ref
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ref

Qref
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TABLE 3 (CONTINUED)

n
S
n=1 P

x@2c 1)Y/?
P p

fl Pt X (1—X2)Y_l

0 Ptref Xref

1
2 )Y—l

(l—Xref

1

1 P 2 1

j t % (l-Xz)Y—
1

0 szi'xé —

ref

23

sSame

1/2
X(2Cp(778)(32.l74)Tp)

1/2
Xref(2Cp(778)(32.174)Tp)

-~ o 1/2
{ 29
Xref(ch‘778)“’ _74)Tp)
same
same
same
cos? d(g) same

cosBsinSd(g) same




TABLE 3 (CONTINUED)

X 1
- 1op, 1Y (D a-x0) Y leos?8,0a B
I3 t i S
0 Ptref L
X2 _(a-x> )1
ref ref
N o 2
A Xpog T same
I
1
: . 3
ref same
1l
A +1,2
c (g———f same
- Y+1 2y, 22 2
D Z(Y__—l) (1~ y——T)A - B same
. 2y 72,2 . 2272
E (1- Y-—yl A9)° + B°A same
1
K i x_| 1% [T cos 8
B X |12 same
b re ref
S
hy J ¥, ax
AVDR — 0
h2 2
J Ky ax
0
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TABLE 3 (CONTINUED)

e

P

P
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fmix

TABLE 3 (CONTINUED)
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P]:ef Pref
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1:’ref Proszf
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IV. RESULTS AND DISCUSSION

The results are presented first for the upstream flow
field in Figures 7-11. Blade 10 and the adjacent blade
surface pressures are shown in Figure 12. The probe surveys
downstream of blade 7 are shown in Figures 13-21, with section
(a) of each figure giving the reference case and section (b)
giving results with the slotted blade installed. Losses are
given in Figure 22 and the loss distribution for the reference
and slotted blade wakes is shown in Figure 23. Finally,

surface flow visualization sketches are given in Figure 24.

A. FLOW FIELD

1. Upst.-:am Flow Field

The inlet flow field, spanning eight to nine blade
spaces, 1is shown in Figures 7-9. Deviations from a fully
uniform velocity were due to persistence of inlet guide vane
wakes and to slight non-uniformities in the vane passage
geometries. The inlet conditions in the survey region of
blade seven, where the present testing was based, was
acceptably unifcrm in the blade-to-blade direction as shown in
Figures 7 to 9 and in Figure 10, which shows the results of

the detailed upstream survey. The inlet flow conditions in
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the span-wise direction shown in Figure 11 were considered to
be acceptably uniform in the mid-span region of interest.

2. Two-Dimensionality and Periodicity

Downstream span-wise surveys show a much diminished
core of two-dimensional flow on the suction side of the blade
(Figures 16a to 18a). This was the result of side-wall and
corner flow boundary layer build-up through the test section.
The pressure side had a greater core. However, the side-wall
effects again were evident (Figures 19a to 21a).

Figures 13a to 15a show good periodicity for the blade
passages enclosing blades seven and eight. The first and last
points are in good agreement and the spans watch in depth,
width and shape. Similar periodicity can also be seen in
Figure 12 where the values of the coefficient of pressure for
the partially instrumented blade are shcwn plotted with the
coefficients for the fully instrumented blade ten.

3. Downstream Flow Field for the Reference Cascade

The reference blade downstream flow field is seen to
be qualitatively similar to that found in Dreon's [Ref. 3],
Elazar's [Ref. 4] and Classick's [Ref. 6] work. The angle,
pressure and velocity profiles across blades seven and eight
were very similar (Figures 1i3a to 15a) to each other. The
velocity and pressure in the core regions of the three
adjacent passages do not completely agree, as is apparent in
Figures 14a and 15a. This is most 1likely attributable to

inlet guide vane variations. The two outside passages (the
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endpoints) do agree well however. The span-wise flow profile
shows the boundary layer effects on the suction and pressure
sides (Figures 16a to 2la) with the suction side indicating a
vanishing core as discussed in Section A.2. The measurements
of blade performance are considered to be valid but marginal
due to the diminishing core.
4. Downstream Flow Field with Slotted Blade

The measurements behind the slotted blade show
qualitatively similar profiles to those behind the reference
blade. The slots had a measurable effect on the total flow as
shown in Figures 14b and 15b. There was a significant effect
on the wake of the slotted blade wake but, surprisingly, an
equally significant effect on the wake of the adjacent blade.
Figures 16b to 18b show that the core effectively vanished on
the suction side of the slotted blade. The slots appeared to
have a negative influence on the corner effects, which made

the integrated results at midspan less certain.

B. REFERENCE AND SLOTTED BLADE PERFORMANCE

Table 4 lists the loss coefficient, axial velocity density
ratio (AVDR) and static pressure rise for the mass-averaged
and mixed-out flow cases for the reference and slotted blades.
The values are also plotted on Figure 22 with results of
previous measurements of the reference CD blading at various
incidence angles. The calculated mass-averaged loss for the

reference blade with accurately referenced yaw angle fits
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TABLE 4

REFERENCE AND SLOTTED BLADE SURVEY RESULTS

REFERENCE BLADE

LOSs AVDR CP STATIC
MASS 0.1014 1.016 0.3851
MIXED 0.8760 1.015
SLOTTED BLADE
1L.OSS AVDR CP STATIC
MASS 0.08969 1.031 0.3859
MIXED 0.9627 1.021

well with the earlier work. The calculated mass-averaged loss
for the slotted blade shows a noticeable decrease compared to
that of the reference blade. The loss reduction is clearly
evident in the decreased wake size seen in Figure 23. Figure
23 shows the distribution of losses through the blade wakes by
overlapping inlet and exit flow stagnation pressure
distributions.

The mixed-out flow losses provide a conflicting result.
The calculated values were found to be unrealistic and
exhibited completely opposite trends compared to mass-averaged
loss. The mass-averaged calculations is such that the supply
condition fluctuations are removed by referencing to plenum
conditions. As presently carried out the mixed-out flow
method does not appear to be sensitive to, even minor tunnel
changes. Specifically the ensemble averages of X, and P,

during inlet and exit surveys are involved in the calculation
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of the mixed-out conditions and the losses derived from them.
Therefore small changes in the ensemble averages have a very
large effect on the calculated losses.

Hence, until a method of referencing is devised which
leaves the mixed out loss independent of tunnel operating
level, the mass-averaged loss will be accepted as a means for

comparing performance.

C. EFFECT OF SLOTTED LEADING EDGE ON FLOW STRUCTURE

Visual observations of the flow over the reference and
slotted blades using an atomized oil mist and a LDV laser beam
illumination inaicated that there was a significant change in
the flow between the two types of blades. The pressure side
of the reference blade and slotted blade showed identical flow
patterns as would be expected since the leading edge slots
were positioned such as to have an effect on the separation
bubble on the suction side. The reference blade suction side
showed a pattern with some o0il build up on the leading edge,
a dry region of about .25 inches in the region of the
separation bubble and the another oil buildup region where the
flow reattached to the blade. The o0il deposit was
concentrated in the center of the blade due to the atomizer
positioning and boundary layer of the tunnel. This is
illustrated in Figure 24a.

The slotted blade suction side showed a buildup of very

small bubbles of oil near the exits of individual slots (where
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the o©0il flow had been channeled through the slots and
deposited in the local separations created by the jets). The
rest of the blade remained dry as shown in Figure 24b. It
appeared that the freestream flow with oil droplets never
reattached to the blade after separation. It was not possible
to determine changes in separation bubble size with this type

of visualization.

49




V. CONCLUSIONS AND RECOMMENDATIONS

A. LOSS CALCULATIONS

Investigations were conducted at a fixed inlet flow angle

of 48.5 degrees of a reference-controlled diffusion compressor

cascade and of the same cascade containing one blade with a

slotted leading edge. The following conclusions were drawn:

1.

At this high angle of incidence, there was a vanishing
core of two-dimensional flow at the downstream
survey station.

The blade element performance quantities derived from
the probe measurements were consistent with previous
results at lower angle settings.

Mass-averaged loss calculations provided consistent and
certain results, due to removal of effects of variations
in supply counditions inherent in the method.

Mixed-out loss calculations, as currently performed,
are not useful since the results are sensitive to tunnel
supply variations.

The following recommendations for loss measurements are

made:

1.

Reformulate the mixed-out flow loss calculations to
remove the ensemble average values from the
calculations.

Make probe surveys closer to the blade trailing edge to
reduce the effects of side-wall boundary layer buildup
on the two-dimensional core of the flow.

Automate the probe traverse process and incorporate the
use of highly accurate linear variable displacement
transducers.

Use two probes for simultaneous measurements at upstream

and downstream positions by incorporating item 3 and
using the capabilities of the current software.
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5. Conduct contour mapping of the downstream flow field to
better establish flow conditions and quality.

6. Employ the cascade's boundary layer suction provision to
extend the two-dimensional core.

7. Conduct probe surveys in the upstream and downstream
positions over three blade passages to better establish
blade wake effects and verify the accuracy of the
losses.

B. SLOTTED BLADE
While the results for the slotted blade must be considered

to be exploratory, the following conclusions were drawn:

1. The presence of the slots reduced the losses from the
blade.

2. The flow over the suction surface of the blade was
significantly changed by the presence of the slots.

It 1is therefore recommended that more definitive
measurements be made to define the effects on the separation
bubble, and evaluate the practicality of this form of passive

fiow control.
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APPENDIX A

SILOTTED BLADE DEVELOPMENT

The arrangement of skewed slots at the leading edge of the
blade, shown in Figure 4, was intended to generate a series of
small jets, pumped by the high pressure near the stagnation
point to the very low pressure near the suction peak. This
attempted to adapt the ideas outlined by Johnston [Ref. 11] to
reduce the size of the leading edge separation bubble by

introducing streamwise vortices created when the jets interact

Introduction of the counter-rotating streamwise vortices
at the leading edge of the blade, prior to the separation
bubble, might cause the flow on the suction surface to remain
attached longer but would be expected to create a smaller
separation bubble by forcing earlier reattachment. This in
turn would decrease the losses across the blade, particularly
at high incidence where the bubble was largest. The
stagnation point was required to be sufficiently forward of
the vortex generator slots that flow through the slots in the
suction surface direction was ensured at all angles of
incidence. These restrictions governed the details of the
placement of the vortex generators at the leading edge.

Uniformity of the generators for the entire span was

required. The CD blading studied here was a compressor stator
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section which, in practice, would allow slotting without
introducing tnacceptable stress concentrations. Since
slotting of the blades was easier to implement with control of
tolerances and uniformity, slotting was chosen rather than
attaching solid generators of any type. In particular the
small size required was more easily obtained by slotting.
Notching of blades in the production of smaller blades could
be done using laser techniques.

The stagnation point at the leading edge was determined
using the blade surface pressure distributions obtained at
48.52°. The vortex generators were placed so that they were
normal to the camber line of the leading edge. This placed
the stagnation point forward of the generators and allowed
sufficient space for forward movement of the stagnation point
at lower incidence angles.

Slot depth and width were determined by the leading edge
radius. The 1leading edge radius was 0.045 inches which
allowed only a limited depth in order not to significantly
alter the leading edge flow field. A maximum depth of 0.010
inches was chosen for the slots. The leading edge radius also
limited the slot length when combined with the chosen depth.
In order for the generator to form a jet, its length had to be
greater than its width. At the slot angle of 52° and a
maximum depth of 0.010 inches a slot width of 0.010 provided

a length-to-width ratio of approximately three. This was
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sufficient to create a defined Jjet and yet allow for
stagnation point movement at lower incidence angles.

A slot angle of 45° was chosen initially. However, due to
machinery limitations, an angle of 52° was used. Spacing
between leading and trailing edges of the slots was
arbitrarily chosen as 0.020 inches. This allowed 67 slot
pairs to be placed on the leading edge of the ten inch span of
the CD bladina. Figure 4 illustrates the slotted leading edge
at a 10X scale.

The slots were made using a 0.010 inch-wide by 2.5 inch-
diameter Jewelers Slotting Blade with 90 teeth. The shape of
the blade limited the slots to rectangular or square cuts with
the size depending only on depth of cut and chosen blade
width. The =lotting blade was mounted in a milling machine
with digital precision position indicators. The milling head
size and CD blade span limited the angle of the leading edge
slots vo 52.2°. The slots were made in one direction first,
then the cascade blade was reversed and the second set of cuts
was made. Slot widths of 0.010 inches to a tolerance of .0005
inch was determined by the blade. Slot depth was checked
every inch of span and a tolerance of 0.001 was maintained.
Slot trailing edge spacing was also checked visually every
inch and a tolerance of 0.005 inches was maintained. The
angle tolerance was fixed in each direction. 1In view of the
need to reverse the work under the machining head the

consistency in angle could only be maintained to 0.4°.
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Figure Al shows the CD leading edge slots in the midspan
region. This view is from the suction (upper) surface of the

blade. Figure A2 shows the same slots from the frontal

aspect.
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Figure Al.

Slotted Blade

Leading Edge, Suction Surface View

56




Figure A2. Slotted Blade Leading Edge, Frontal View
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APPENDIX B

SOFTWARE

Bi. INTRODUCTION

The software used for data acquisition and reduction
consists of three programs--"ACQUIRE," "CALC" and "LOSS," as
developed and discussed by Classick [Ref. 6]. The intent in
the present work was to introduce necessary program changes
without changing the original program flow. 'herefore
Appendix C of Reference 6 should still be used for file
system, program flow and program executions. "CALC" and
"1,OSS" were modified to provide Reynolds number calculations,
probe angle referencing and fully-mixed-out loss calculation
and these changes are discussed in the present section.

The file system is given in Section B2. The modified
program flow for "LOSS" is given in Section B3. The changes
to "CALC" and "LOSS" are discussed in Section B4. Copies of
the three programs and associated subroutines are included in
Section B5. Output data tables of reduced data for upstream
and downstream surveys of both the reference and slotted blade
are illustrated in Section B6. Recommendations for software
improvements are given in Section B7. Lastly a summary of
steps required for running the three programs is provided in

Section BS8.
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B2. FILE SYSTEM

The current directory and file system is shown in Figure
Bl. Four subdirectories exist under the Root directory
"CLASSICK." The "DATA" subdirectory contains the raw data
files created during the data acquisition. The "REDDATA"
subdirectory <contains the scaled data files from the
acquisition and the reduced data files from the "“CALC"
program. The "PROGS" subdirectory contains the acquisition
programs, data reduction programs and data plotting programs.
The "ROUTINES" subdirectory contains the sub-routines utilized
by three programs in the "PROGS" subdirectory.

The data file names are descriptive in nature. The
prefix (L, U, SUP, SUS, B) designates the survey type. The
number followed by three characters provide the date (26AUG,
4SEP) and the suffix (RAW, SCL, CALC) give the file type. If
more than one run was conducted on the same day a number is
added to the suffix (RAW1l, SCL1). To designate the blade
surveyed, a blade number is embedded in the file type (L-
04MAY7RAW). To designate the modified blade the character "M"

was embedded (L-04MAYMRAW).

B3. PROGRAM FLOW

The program flow for "ACQUIRE" and "CALC" remain
unchanged from Classick [Ref. 6]. Figure B2 shows the flow
for the program "LOSS." The figure shows the prompts the user

will have on the screen and the effect that the selected
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CLASSICK
Root Directory

Sub Directory

DATA REDDATA PROGS ROUTINES
S~07APR7RAW S-07APR7SCL ACQUITE SUBACQUIRE
L-04MAY7RAW L-04MAY7SCL CALC SUBCALC
U-22MAY7RAW U-22MAY7SCL LOSS LOSSCALC
U~01JUNRAW U~01JUNSCL PRBCOEF SUBMIXLOSS
U-31MAYMRAW U~-31MAYMSCL CYBLADEPLOT
SUS-25APR7RAW SUS-25APR7SCL VUREFSPAN
SUP-24APR7RAW SUP-24APR7SCL BETAPOSIT
SUS-23MAYMRAW SUS-23MAYMSCL PRESSPLOT
SUP-24MAYMRAW SUP-24MAYMSCL
L-29MARTRAW L-29MARTSCL
B-22MAYMRAW B-22MAYMSCL

S~07APR7CALC

L-04MAY7CALC

U-22MAY7CALC

U-01JUNCALC

U-31MAYMCALC

SUS-25APR7CALC

SUP-24APR7CALC

SUS-23MAYMCALC

SUP-24MAYMCALC

L-29MARTCALC

B-22MAYMCALL

MIKEC3

MIKECE
Prefix Suffix
L Lower Traverse RAW Raw Voltage Reachings
U Upper Traverse SCL Engineering Scaled
S Span Lower Traverse CALC Reduced

SUP Span Upper Traverse Pressure
SUS Span Upper Traverse Suction

B Blade

Figure B1l.

60

Directory and File Listing




PROGRAM LOSS

«

’
Enter name of the file containing the calculated data from the lower
probe

Enter the high scan number for the lower probe

Enter the name of the file containing the calculated data from the
upper probe

Enter the high scan numbgr for the upper probe file

Enter the limit of inte ratior\{ for the lower probe surves
g p y

Enter the lower scan limit
Enter the upper scan limit
Enter the limit of integration for the upper probe survey
Enter lower scan limit
Enter upper scan limit
Loss printout printed to the printer

END PROGRAM

Figure B2. Program "LOSS" Flow
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option has. The changes to previous work were those required
to provide an angle input for referencing the probe pneumatic
axis, scan lengths to decrease file size and execution time,
and integration intervals to provide for fully-mixed-out

losses.

B4. PROGRAM MODIFICATIONS

1. Program "CALC"

The "CALCY" program for data reduction was modified to
include the calculation of the Reynolds number of the flow,
correct for probe angle referencing and to provide required
parameters for fully-mixed-out loss calculations in the
program "LOSS."

The Reynolds number calculation required the addition
of subroutiiies "Murefensemble" for finding the average
coefficient of viscosity discussed in Appendix C, and "Datint"
to find the integral "Iintg" for the value of Egn. C8. These
changes are shown in line 2507 and line 2529 of Table Bl
respectively. Prompts were required to ask for the
integration interval to be used based on scan number. The
interval should span three inches or less to work with the
"Datint" integration subroutine.

The probe angle referencing correction required a
prompt for the input of angle Py as discussed in Appendix F,

and the subsequent equation for calculating the angle f in the
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145
150
155
160
165
170
175
180
185
150
195
12
205
210
Z215
220
225
230
35
240
745
250
255
260
265
270
275
280
285
790
z24s
300
305
310
315
320
325
330

TABLE Bl

CALC PROGRAM LISTING

IPROGRAM CALLS 1 OIHES PRUGHHM THKED BHE FLLED UF UHIH LULLELIED HHUM IH

I AND REDUCES THE DATA T0 USEFUL ENGINEERING QUANTITIES THESE

! VALUES ARE PRINTED IN TRBLE FORN.

TMUCH OF THE CODING IN THIS PROGRAM HAS BEEN PREVIQUSLY COMMENTED ON
tIN PROGRAM ACQUIRE.
OPTION BASE |

DIM Reddat(i,106)

DIN P(G,E)
OIN X(6,6)
OIN Fu(E,6)

DIN XulB,B)
DIM Knaray(100)

DIM Prbpost 100)
DIN Aaray( 100)
DIM Baray( 109)
DIN Caray! 100)
MAT Reddat= (©)
MAT Knaray= (@)
MAT Prbpos= (@)
MAT RAaray=~ (0)
MAT Baray= (@)
MAT Caray= (@)

DEG

Prnter=701
Scren=1
Firsthladeprt=4

Lastbladeprt=48

G=1.4

Cp=.24

AN ARRAY FOR THE SCALED DATA FROM ACQUIRE.

IRECALL THAT THE SCALED DATA WAS STORED BY
1A RANDOM OUTPUT STATEMENT.

I THE ARRAY FOR THE PHI COEFFICIENTS.

1 1HE ARHAY FOR THE X VELOCITY COEFFICIENTS.
11F 2 PROBES USED THEN THE PHI ARRAY FOR
1THE UPFER PROBE.

{KN VALUES STORED IN AN ARRAY.Kn=K IN TABLE
1T OF CLASSICK THESIS.

AN ARRAY OF VALUES USED IN THE CALCULATION
10F BLADE CP°S.

IALL ANGLES WILL BE IN DEGREES.

IFIRST SCANIVALVE PORT ASSIGNED TO THE
JINSTRUMENTED BLADE THAT IS OF INTVEREST
tIN THE CP CALCULATION.

fLAST * " "ect.

LOADSUB ALL FROM “/CLASSICK/ROUTINES/SUBCALC™

MASS STORAGE IS

PRINT
PRINT

“/CLASSICK/REDDATA™

I I R N R R R R N R R N S R R RS RN NN R RN RSN NER X B

PRINT "ENTER THE NAME OF THE FILE CONTAINING THE PROBE DATA SCALED”

PRINT
INPUT

"TO ENGINEERING UNITS"

Sclfile$

ASSIGN BPath! 10 Sclfiles

YRR Y RN Ny Y N Ry Yy Y Y N RN YRR YRR LR NN A

PRINT

PRINT ="
“ENTER THE PROBE COEFFICIENT FILE FOR X VELOCITY. THIS VILL BE "

PRINT
PRINT

PRINT “"FOR THE LOWER PROBE IF TUO PROBES ARE BEING USED.™

INPUT

Readx $

ASSIGN BPathZ TO Readx$

ENTER
PRINT

QPathZiX(s)

Y R N R R N TN R Ny N Y N NN RN AR NN YN NNNR R A

PRINT "
"ENTER THE NAME OF THE COEFFICIENT FILE FOR PHI. THIS WILL BE "

PRINT
PRINT
PRINT
INPUT

"ENR Tur 1 NUER PROBE IF TUO PROBES ARE BEING USED.™

Readp$

ASSIGN BPath3 TO Readp$

ENTER
PRINT

QP ath3Pts)

T L N R N N N R NN N R Y R N N NN N NN NN R RN NN NN NN A

PRINT “"
"1F DATA WERE COLLECTED WITH ONE PROBE, PRESS "™ ONE PROBE"""

PRINIT
PRINT
PRINT

“IF DATA WERE COLLECTED UITH TUO PHOBES, PRESS ""TU0 PROBES"""
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TABLE Bl (CONTINUED)

335 PRINT »*

310 PRINT “9eosenssnstsnstissnitsccsinressacseisstisoresnssisoesncsnsensrsvess”
345  ON KEY | LNBEL “ONE PROBE" GDTO Numberprbs)

350 ON KEY 4 LABEL “TWO PROBES" GOTO Numberprbs?

355 Spinl: GOTO Spini

36@ Numberprbsi: Noofprbs=1

365 6010 Checknoofprbs

370 Numberprbsz: Noofprbs-2

375
380
385
390
335
400
495
410
415
470
4125
a30
a3s
440
aas
450
455
460
465
470
475
480
405
430
A3S
500
505
510
515
520
525
530
515
510
545
550
555
560
%65
570
575
580
585
590
535
622
GO5
610
615
6520
625
630
635
6510
615
650

Checknoolfprbs: IF Noofprbs=2 THEN

MNSS STORMGE IS5 "/CLASSICK/REDOATN™

PRINT “o0enssssnsessvnesntnncerstontstacintncrinestisnssonsnstonsstonsosnnes’™
PRINT ™™

PRINT "ENTER THE FILE NNME FOR THE UPPER PROBE COEFFICIENTS FOR Xvel.™
INPUT Reodxu$

ASSIGN erathZu TO Readxu$

ENIER €PathZuyXule)

PRINT "osensnncacsasnuavaciosessesrconiosstesinessnscnseresnosneventonsnnses’”
PRINT "

PRINT “ENTER THE FILE NAME FOR THE UPPER PROBE COEFFICIENTS FOR PHI ™
INPUT Reodpu®

ASSIGN ®fath3u T0 Readpus

ENTER BPoath3uiPuls)

PRINT S NSV CRERE S PRI NSNS PR ORI NSRRIV PRESERDRENSIVNIRRRRREBEBRRSS"
PRINT "™

PRINT “ENTER THE FILENANE FOR THE ONTA TO BE CALCULATED FROM LOVER PRDBE ~
INPUT Calclfiles

CREATE BDNT Calclfile® 100

ASSIGN Bfath4 10 Calclfiles

FRINT “ o0 nsusnansnnesnsssssetsisnirtprsonsssotacencnssenonessnssassssnsns”
PRINT ™

PRINT “ENIER THE FILENAME FOR THE DATA TO BE CNLCULATED FROM UPPER PROBE™
INPUT Cat zufile®

CRENTE BOUNT Calcufiles 100

ASSIGN BPathS 10 Calcufiles

1950 e s el sn NN el lIoeR s eI s iR R Rls R st natlssuBsiRREcIERRSIROIRIRRMY

Ve NOTE: THE SCANIVALVE SENSES THE PRESSURE DIFFERENIIAL FROM .
le ATMOS. THE SCANIVALVE IS CALIBRATED SO ATMOS PRESS(Pa) -«
1 READS 2ERO. THE PRESS SENSED AT A PORT 1S THE FORTY .
e PRESS MINUS Pa 1.e.,GNGE PRESS. TO ELIMINATE ERRORS DUE =
1e TO DVM DRIFT, THE PRESS SENSEQ BY PORYT | OF THE .
te SCANIVALVE (Ptare-Pa-Pa) IS SUBTRACTED FROM EACH .
e SCANIVALVE PORT READING. .

L

[ K]
loovsasosrvansvennevnve JUO FPROBES vevapssrs2ronsspsdovssssnsasrrnadssay

IvssernrersSCANIVALVE PORT AND SCANNER CHNNNEL ASSIGNMENTessassssssrsses

[ .
(K4 .
fs VARINBLE VARINBLE FORT/CHANNEL DATA NRRNY [
Ve REPRESENTS [
Ie .
e Ptare Pa-Pa PORT 1 Reddatt() 1) .
I* Pecal Pcal-Pteare Pont 2 Reddat(1.,2) .
e Pp Pplenum-Ptare PORT 3 Reddat(1,3) .
e s Pumllstatic-Ptare PORT 4 Reddat(t 4) .
L Pi-Ptare PORT S Reddat(1,5) J
I P2 PZ-Ptare PORT 6 Reddat(1 6) .
fe P3 P3-Ptare ronrt 7 Reddat(1,7) »
Is P23 (P24P3)/2 .
te FA P4-Ptare Ponr 8 Reddat(1,8) .
e PS FS-Ptare PORY 9 Reddmt(1.,9) J
1 Ptp Ptotsalprndtl-Ptare PORI 10 Reddat(1,19) .
e Psp Pstatpradt]-Ptare PORT 11 Reddat(1,11) .
te BL ANK PORT 12 Reddat{1,12) .

.

e Ptlu Flu-Ptare FoRrt 13 Reddat(1,13)
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TABLE B1 (CONTINUED)

(o) ' s aa DRV I RUTI DRVIRR IR 4 CVICTP T SO R

662 e P3u P3u-Ftare PORT 15 Reddat(1,15) .
665 te P23u (P2utP3ul/2 .
670 1= Pay P4u-Ptare PORT 16 Reddat(1,16) .
675 te PSy PSu-Ptare PORY 17 Reddat(,17) .
(31314 s Bt AtiK PORT 18 Reddat(1,18) .
685 e BLANK PORT 13 Reddnt(1,19) L4
690 I= Posit L PRB POSIT INPUT Reddat( 1,20} .
535 t* Poatto U PRD PDSIT INPUT Reddantt1,21) .
702 e Yau LOVER PRB YNU 24 Reddat(y,22) *
705 Is Yauu UPPER PRB YNW 2t Reddat(!,23) 4
719 ts  Temp TOTAL TEMP(PLENUM) CHANR 1@ Reddatt( ) 24) .
715 te Pa ATMOSPHERIC PRESS INPUT Reddat(,25) 4
720 Ve 4
725 fe M
730 R Y Y Y N Y Y N Y R R R PR Y RN RN SR AT
735 fessaarnsvonvsnnesnrsaDATA REDQUCTION®*c st censaetsntsatssaassnsssssssense
710 DIM Cmlcl{10@,25)

45 HAT Calcl~ (@)

75@ Piniti1all=0 PINITINLYIZES THE CONDITIONS TO CNLCULNIE
755 TENSEMBLE VALUES IN SUBROUTINE ENSEMBLE
760 Tinitinl-0

765 Painitiall-~o

770 FOR N~1 TO 100

775 ENTER BPath) NiReddat(e) 'THE ARRNY IS ENTERED WITH A RANDON
780 VSTRATEMENT.

788 ON END ®rath! GOTO Twoprintcalcl

790 Ptare-Reddat( 1, 1) IRENSSIGNMENT OF ARRAY ELEMENTS 10

795 ITDENTIFINBLE QUANTITIES TO BE USED IN
/0o V'IN SUBROUTINE CALCULATIONS.

8¢5 Pcal -Peddat(1,2)

810  Pp-Reidat(1,3)

815  Ps-~Reddat(1,8)

87@  Pil=Reddat(1,5)

B82S PZ-Reddat( 1 ,6)

830  P3<Reddnt(1,7)

835 P23-(P2+P3)/2

BAQ  Pa-feddat( 1,8}

845 P5-Reddnt(1,9)

859 Ptp-Redrintt ), 10)

055  Psp-Reddnt(1, 11)

BE® IBLANK=Reddat(1,12)

865 Postt=Reddat(1 2@

870 Yau-Reddat(1,22) 1YAW ANGLE CORRECTION COULD BE MNDE
87s YHERE IF NDT ALREADY DONE IN ACQUIRE.

88D Tenp-Reddat(1,24)

B80S Pa-Reddat( 1, 25%)

890 ICALCULATE BETN NND GNMMA COEFFICIENTS

895 CM.L Bgcelc(Pa,Pt ,P23,P4,PS,Betn, Gonma)

322 I1CALCULATE THE ENSEMBLE REFERENCE VALUES OF PLENUM PRESS,PLENUM TEMP AND PA
3¢5 CALL Ensemble(Pp,Pinttial ,Pa,Pajnitial ,Temp, Tinitial Ppavg,Paavg, Tempavg, N)
310 JCALCULATE Xvel AND Phy

915 CALL Xphicalc(Betn,Gamma, Xvel Xt s) Phi P(s))

920 1CALCULATE Xref

925 CALL XrefcalctPa Pp G, Xref)

910 1CNLCULNTE QREF AND VREF

935 CALt Qurefcalc(Xref ,Cp,Temp,6,Pp Fa,Orof Vref)

919 FCALCULNTE VELOCITY NND MACH # NND @

945 CALL VmacalctXvel ,Cp,lTenp .G, Vel ,Moch, P! ,Pa, Q)

950 I CALCULNTE THE INTEGRAND FOR THE AVDR EXPRESSION

955 Nt Xncalc(Ps, P, Pp Xvel Xref G, Yau,Kn)

960 1CALCULATE THE COFFFICIENT OF PRESSURE TERM 10 BF MNASS AVERNGED.

965 VIHESE TERMS ARE USED IN THE CNLCULATION OF THE LOSS COEFFICIENT.

97@¢ CALL Coefpreas(Pt Pp Fa, Xvel ,5 Cps, Cpt)
a7 IFALCIN ATE THE ONANTTITIES TN OF MASS AVENRAREN  MIN YIPI Vv TUECE unice
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TABLE Bl (CONTINUED)

980 1BY Xn 10 GEY THE INTEGRAND REQUIRED 1O CALCULATE THE MNSS AVERNGED CP°'S
985 CALL Cpintegrand(Pp,P! Pa,G,6 Xvel A, B Kn)
990 I CALCULNATE Pp-Pi/Qref FOR PLOTS

9535 CNLL Prefqref(Pp,P1, Qref Pq)

1000 + CALCULATE STATIC PRESSURE UPSTREAM
19005 CNALL Staticpress(Pl Pa, Xvel G, Ps)

1Q1Q (DEFINE AN ARRAY TO STORE CALCULATED vALUES
1915 Calcl(N, 1)rPosit

1920 Calcl{N,2)=Betn

1025 Calcli(N,63)=Gamma

1030 Calcl(N 4)«Phi

1235 Calcl(N,5)=Xvel

19040 Calcl{N B)=Xref

1815 Celcl(N,7)=Vel

125 Calcl(N,8)~Mach

1255 Calel(N,9)=Yau

106@ CalcliN,10)=Kn

1065 Calcl(N,11)~Cpt

1070 Calcl(n,i12)=Cps

1875 Calcl(N,13)=Qref

1002 Calcl(N,14)~Vref

1085 CalcliN,15)~Q

1232 Calcl(N,16)-A

19895 Calcl(N 17)-8

1102 CalcliN, 18) g

1105 Calcl(N, 19)=Pa 1"n 8 Ps ARE USED FOR STNTIC PRESS
e {RISE CALCULATION IN FROGRAM LOSS.
1115 Celcl(N,20)-Ps 1 THESE VALUES ARE NOT PRINIED.
1120 Knaray(N)~Calcl(N_10) TUNNT TO STORE MORE THNN JUST ONE
11259 IXn VALUE FOR MNSS AVERNGING

1132 1CALCULATIONS.

1135 Prhpeat'd-CalcliN, 1) |

1142 Naray(N)~Calcl{(N, 1B) proeeom

1145 Barny(N)=Calcl(N,17) [

1150 Scnan=N

1155 NEXT N

1160 Twoprintcalcl: OFF END ©Pathi

1165 1CNLCULATE ENSEMBLE AVERNGE OF XREF

1170 CNLL Xrefensemble(Paavg,Ppavg,G, Xrefavg)

1175 1CALCULATE ENSEMBLE AVERNGE OF VREF

1180 CALL Vrefensemble(Xrefavg,Cp,Tempavg,Vrefavg)

1185 ICNALCULATE ENSEMBLE AVERNGE OF QREF

1190 CALL Qrefensemble(Pasvg,Ppavg,G, Xrefavg,Orefavg)

1195 PRINT 00 e o ensssec st ssesanssesessitsssrsvtssesssssnstiossonssssnnssnses’”
12e® PRINT ™"

1225 PRINT “"ALIGN PAFER IN PRINTER. WHEN RENDY FOR A HARDCOPY OF THE *

121@ PRINT "CALCULATED DATA, PRESS ““REDUCED DAIA™"."

1215 PRINT "™

1270 PRINT "o eroasoesasssesseororssnssesosrisstsnssssvisssnsnessnscorsnsannas”
1225 ON KEY ) LABEL “"REDUCED DAIA” 6010 Prntdata?

1230 Spin2: GOI0 Sptn?

1235 Prntdataz: PRINIER 1S Prnter

1240 FPRINT “ovosssessncornsonssnssnsntsasnssosnas”

1245 PRINT “FILE " Celclfile¥

1250 PRINT "sosevosvnovvessrssscnssvassntonne”

1255 PRINT "o e v ran e s seastne it o sstnessssrstonsssnssedsestosssonodosrnssssnvsntrns

126@ PRINT "
1265 PRINT "SCNAN L PRB BETA GANMA PHI Xvel
127@ PRINT © FoSIT"

1275 FOR N~ 10 Scan

1280 PRINT USING “40,3X,4D.20, 3X,MD. 30€, 3X , MD. 3DE, 3X MD. 30E, 2% ,MD. 3DE , 2X,MD. 3DE
1285 NEXT N

129¢ PRINT "

170% PRINT 50006000200 0020000800000000030080000srstitonecssnecsssostnsvavatons
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1300
1305
1o
1315
1320
1325
1330
1335
1340
1345
1350
1355
1360
1365
1372
1375
t3ge
1385
1332
13395
142D
1405
1410
11415
142@
142%
1430
1435
1419
1445
1452
1455
1169
1465
1470
1475
1480
1485
1490
1495
1502
1505
15109
1515
1520
1525
1539
1535
1549
1545
1550
1555
156Q
1565
1570
1575
1580
15R5
159¢
1535
1600
1625
1610
IR1S

PRINE
PRINT

TABLE Bl (CONTINUED)

"SCAN VEL VREF Q QREF HACH

PRINT ™

FOR N-

PRINT

1 10 Scan
USING “4D,3X,MD.30E, 3X,MD. 30E , 3X,MD. 30, 3X MD. 3DE,2X H0.3DE,2X ,MD. 3D

NEXT N

PRINT
PRINT
PRINT
PRINT

Y I X A X R R A E R R R R R S A R A R A R R R R R R A R RN N N R R N )
e

I Y I I E IR R RS R RS RSN I N T R R A S A R A R R R N R R N R R R R R R A R R R A R R R R RN )

PRINT ™™

PRINT

“SCNN Pref-Pt1/Qref”

FOR N-1 10 Scan

PRINT USING "4D,3X,MD.3DE" 1N, Calc(N, 18)

NEXT N

PRINT ™"

PRINT “eeasnsnesesstsnstoisssessnrsisntssrosetiestastiecsolasdssssndsssnsssnsy
PRINT "

PRINT "ENSENBLE AVENRNGES™

FRINT "©

FRINT "PPAVG PANVG TEMP'AVG XREF AVG VREFRVG
PRINT USING "MD.3DE ,5X,M3D.Z0E,5X,30D.20,5X, M. 3DE,5X, MD. 3DE, 3X . MD. 30E " 1FPpa
ouiryr eratha;Calclite) 10UIPUT STATEMENT IS SERINL.

DIM Calcu( 100,25) I1SEPNRATE CALC NRRNY FOR REDUCED

1DATA FROM UPPER SURVEY STATION.

MAT Calcus (@)

FOR N-

1 10 100

ENIER ®Pathl NiReddatl ) TENTER STATEMENT IS RANDON.
ON END PPathl GOI0 YTwoprintcale?

Ptare-Reddat( ! 1)

Pp-Reddntc! 3)

Ps-f.=

‘datt1,4)

Ptp=Reddntl | 1)

Psp-Reddat{1,11)

Plu=Reddat(}, 13}

P2u=Reddat() 14)

P3u~Reddat{1,15)

PZulu-(PZutP3u)/2

PAu-Reddnt( 1, 18)

PSu-Reddat( 1, 17)

FBLANK=REDDART( },18)

1BLANK=REDDAT( 1,193)

Positu=Reddat(l,21)

Yavuu=Reddnat(1,22)

Ternp~Reddat(1,24)

Pa-Reddat(1,625)

ICALCULATE BETA AND GAMMA COEFFICIENIS

CALL Bgcale(fa,Plu,FZulu,P4u,PSu,Betou,Gammau)
fCALCULATE Xvelu AND Phitu

CALL Xphicalc(Betau,Gammau,Xvelu, Xu(®) Phiu Puls))
ICALCULNTE Xrefu

cntd

Xrefcalc(Pa ,Pp,G, Xrefu)

ICALCULNTE OQRFF AND VREF

Chtt Qurefcalcidraf Cp, lemp G ,Po P Nref Veel)

ICNLCULATE VELOCITYu AND MNACHY # AND Qu

CALL Ympralc{Xvelu,Cp,Tenp,6,Velu,Machy Plu,Pa, Qu)

I CALCULNTE THE INTEGRAND FOR THE AVDR EXI'RESSION

€NLL XnealctPa,Ptu,fp Xvelu, Xrefu,G,You Knu)

! CALCULNTE THE COEFFICIENT OF PRESSURE FOR THE UPPER PROBE.

I THIS TERM WILL BE MNSS AVERAGED NNND USED IN THE CNALCULATION OF THE
| LOSS COEFFICIENT, THE Cpsu TERM 1S NOT USED IN THE LOSS COEFFICIENT
I CALCULNTION.

CALL Coerfpress(PYy Pp Pa Rvelu,G Cpsu,Cptu)

P CALCULALE Po-P1/0-ef FOR PLOTS
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1620
1625
1630
1635
1649
1645
1659
1655
1660
1665
1670
1675
1680
1685
1630
1695
1700
1705
1710
1715
1720
172s
1730
V1735
1740
1745
1750
1755
1760
1765
1770
1775
1780@
1785
1790
1735
1800
1805
1812
1815
1820
1825
1830
1835
1840
1845
1859
1855
186@
1865
1870
1875
1880@
1885
1830
1835
1909
1305
1310
1915
1970
1925
1330
1935

TABLE B1 (CONTINUED)

CALL Prefgref(Pp ,P1 Qref Pnu)

I CNLCULATE THE DOWUNSTREAM STATIC PRESSURE

CNLL Staticpress(Piu,Pa, Xvelu G, Psu)

Calcu(N,1)-Posttu

Calcu(N,2)=Betau

Calcu(N, 3)=6annau

Calcu{N,2)-Fhiu

CalcutN S)=Xvelu

CalculN,6)=Xrefu

Calcu(N,7)=Velu

CalculN, B)=Machu

Calcut(N, 9)~Yauwy

Calcu(N, 12)=Knu

Calcu(N,11)-Cptu

Calcu{N,12)=Cpsu

Calcu(N,13)=0Qu

CalcuiN, 14)=Pqu

Calcu(N 19)=Pa tCalcutN, 15) TO Calcu(N,18) WILL HAVE

Calcu(N,20)=Psu 'ZEROS. ARANY ELEMENT ASSIGNHMENT IS5
1CONSISTENT WITH LOSS PROGRAM AND
1ONE PRDRE CIRVUFY,

Scan=N

NEXT N

Twoprintcalc?: OFF END @Patht

PRINT 2o asvesscsornsssrsnensssassnsttisossceiniosanssntacsesrasnsenntsconssnne

PRINT ™~

PRINT “"sscacsnasessrrsnsassvrssnsspssnsvans”

PRINT "FILE “,Calcufiles

PRINT "ossercesssnansssnsaassacssonserssnssen’

FRINT “ossoeassnnrsvrresonsassssssnstotosnssneasnsvasntusaossssiessnsnsssun

PRINT
PRINT S!AN U PRB BETAY GAMMAY PHIU Xvelu "
PRINT ™ POSIT™

FOR N=t 1O Scan

PRINT USING “AD,2X,4D.20,3X.M0. 3DE, IX,MO. 30E , 3%, MD. 3DE, 3X M0, 3DE" 1N, Cal cul
NEXT N

PRINT 2080000000000 s0008000s00avtonsnisncasiosasssnsscssscnesstscsnssne
PRINT "~

PRINT “SCAN VELY Qu Pref-Ptu/Qref HACHU YRWU
PRINT DEG™

FOR N-1 10 Scan

PRINT USING "40, 3X,MD. 30E, 3X,MD. 30DE, 3X,10. 3DE, 3X HD. 3DE, 3X ,MD.3DE" 1N, Calcu
NEXT N

FRINT 00 sanstns et ssssnesssonssvsstotscnuvrosspndiscnsstonseseonstsssssensd
PRINTER IS Scren

OUTPUT ®lathSiCalcu(*)

ELSE

MASS STORNGE IS "/CLNSSICK/REDDNTAT

PRINT 20 o0 s s nssspenntosnesrsonustntstdetnonpnatissontiosoresenanssssosene
PRINT "

PRINTF "ENTER THE FILENNME FOR THE DNTA TO BE CALCULATED FROM THE FROBE
INFUT Colcfiles

CRENIE BONT Calcfilet, 100

ASSIGN ®'athd 10 Calcfiles$

R N Y R Y R YRR N N N R Y N N RN YN N SR NN
fevassassorvnsrcrnvnence ONE PIODE sssecereasvsansrivrtsssesosnssssnsceey

fessersesns SCANIVALVE PORT AND SCANNER CHANNEL ASSIGNMENTssssssscsverses

[ K] ]
1e L}
s VARINBLE VARINBLE PORT/CHNANNEL DATA ARRAY .
te REPRESENTS .
fe .
te Ptare Pa-Pa PORT ) Reddat(t 1) .
e fPeal Pcal -Ptare PORI 2 Reddat() . 2) .
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TABLE B1 (CONTINUED)

1949 1» Fp Pplenum-Ptare PORT 3 Redrdat(1,3) .
1945 1+ Ps Pusllstatic-Ptare POR! 4 Reddat(1.,4) .
1350 1+ Py Pi-Ftare FORT S Reddottl . 5) .
1955 1+ P2 P2-Ptare ron! & Reddot() B} .
1960 t+ P3 P3-Ptare PORT 7 Reddat(1,7) .
1965 1+ P23 (P2+P3)/2 s
1970 {1+ FA4 P4-Ptare PORT 8 Reddat(1.,8) »
1976 s PS PE-Plare PORT 9 Reddat(1.,3) .
1882 1+ Ptp Ptotalprndtl-Ptare PORT 10 Reddat(1,10} .
1985 s Psp Pstotprndtl-Ptars FORT 11 Reddat(1 , 11) .
1590 e BLANK PORT 12 Reddat¢l ,12) .
1395 |+ BLANANK PORT 13 Reddst(!,13) ’
2000 t» BLNANK FORT 14 Reddat(1,14) [
2005 1s Posit PRB POSIT INTUTY Reddat(1 ,15) 4
2019 e Yo rPREB YA CHNN 24 Reddat(1,16) »
2215 I Temp fOTAL TEMP(TLENUM) CHinH 1@ Reddat(t,17) .
7029 | Fna AIMOSPHERIC PRESS  INPUT Reddat(1,18) .
29215 Vs .
72030 s s

2035 ‘llllll.lllll‘llIl'll.I..I.'l'llll'l.!Il!Il.Il.'.Il.lll..l.llll.ll.ll.ll
r&&:1] Iooevesrvvonnereas®dsDNTA REUUCTIONS e s sssivdosirnecsnass?rnsstsorssssasy
745 DIH Calnt100,7%)

1959 MNt Calce- ()

70955 Pinttial-@ FINTINLI7ES CONDITIONS FOR ENSEMBLF
106@ 1CALCULATIONS IN SUBROUTINE ENSEMBLE.
20G5 Tinttial-@

2072 Patnitial-9

ZQ@71  INTUT “INPUT VERNIER READING WHEN PROBE BNAR 1S HORIZONTAL™ Betah

2979 FOR N-1 10 100

2200 ENTER BPmthl NiReddat(s) tnRRNY ENTERED RANDOMLY

2¢8%5 ON END 7 thi GO0 Printcalc!

22990 Ptare-Reddat(1,1) INEASSIGNNENT OF ARRAY ELEMENTS TO
1235 170 IDENTIFIABLE QUANTITIES USED IN
2109 1 SUBROUTINE CALCULATIONS.

2105 Pcal-Reddat(1,2)

21190 Pp-Reddattt 3)

2115 Ps-Reddat(1 ,4)

2120 Pi-Reddntt1.5)

2125 PZ-Heddat{! B)

2130 P3+Reddati) 7

213% P23=(P2+P3)/2

2149 PA4-Reddat( i . 8)

2145 PS=Reddnt(1.,9)

215¢ Ptp=Reddat(1 10)

2155 Psp-Reddatil 11)

216D 1BLNANK ~Reddat(1,12)

2165 I1BLANK-Reddat(1 13)

2170 1BLANK-Reddnat(1 t4)

2175 Posit=Reddat(1, 15)

2180 Betaf=Raddat(,16)

2185 TemprRaddat(1,17)

2139 Pa-Reddat( ] 18)

219! Yau=40.45+4(Betaf-pBatah)

2195 1CALCULNIE BETN AND GNMHA COEFFICIENTS

77¢D CML Bnenlr(Pa, PV F13 P4 PGS Betn Gonnad

2205 ICALCULNATE THE ENSEMBLE REFERENCE VALUES OF PPLENUM,PLENUM TEMP AND PA.
2219 CALL Ensemble(Pp . Pinitial Pa Painitinl , temp, Tinitial Ppava.Paevg,lempavg N)
2215 1CALCULNTE Xvel NND Py

2229 CALlL XphicalctBeta, Gamma Xvel Xie) Phi Ple)}
27115 YOCALCULATE Xref

2230 CnLL Xrefeanlc(Pa,Pp G Xref)

7235 1CALCULNATE Tempatat

2219 CALL Tempstatcalci{Xvel Tenp, Tempatat)
77AC 1rnrin ot NNEc anfy vorcre
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2250
2255
2269
2265
2279
2275
2280
2185
2290
2235
7300
2305
2310
2315
2329
2325
2330
2335
2340
2345
2350
2355
7360
2265
237@
2375
2300
2385
2390
Z2335
2102
2175
2110
A5
2479
2425
2130
2435
244Q
2445
7159
2155
2476
2457
21690
2465
2470
2415
4B
2485
2430
21491

2496
2498
7199
2502
2501

2502

25923
7Eme
25¢5
7506
2527
2508

TABLE Bl (CONTINUED)

CNLL Qvrefcalct(Xref Cp,Temp G ,Pp,Pa, Qref Vref)
1CALCULNTE VELOCITY AND MACH # AND Q

CALL Vmacalc({ Xvel Cp,Temp,G,Vel ,Mach,P1 Pa,Q)

)} CALCULATE THE INTEGRNND FOR THE AVOR EXPRESSION
CALL Kncaelc(Fa, Pl Fp, Xvel Xref G, You Kn)

1 CALCULNIE THE COFFFICIENT OF PRESSURE TERMS TO Bt MASS AVERNGED.
| THESE TERMS ANE USED IN THE CNLCULNATION OF THE LOSS COEFFICIENT.
CNLL Coefpress(Pl Pp, Pa Xvel G Cps, Cpt)
ICALCULNITE THE QUNNTITIES 10 BF MASS AVERNGED. MULTIPLY THESE VNLUES
1BY Kn TO GET THE INTEGRNAND REQUIRFD T0 CALCULATE THE MASS AVERNGED CP'S
CNLL Cpintegrand(Pp,P1 Pa,G, Xvel A B Xn)
1CALCLULNTIE Pp-P1/Qref fOR PLOTS

cMLL Prefgrel(Pp Pl Qref Fa)

I CALCULAIE STNTIC PRESSURE

CNLL Staticpress(FPl Pa,Xvel G, Fs)

1CALCULNTE VITTOSITY

CALt Viscyoul femp,lempstat U)

1CALCULNIE INTEGRAND FOR REYNOLDS NO

CALL Retntegrand(kn, U, Yau,Ire)

IDEFINE AN ARRNY TO STORE CALCULATED VALUES
Calct(N,1)-Postt

Colc(N,Z)-Beto

Calc(N, 3 -Gamma

CalctN, 4)Phy

CelciN S)~Xvel

Calc(N, B)-Xreaf

Calc(N,7)=Vel

CalciN, 8)=Mach

Cmnlc'N,9)~Yau

Calct(H, 1@)-Kn

CalctN, 11)=Cnt

Calci{N, 12)=-Cpns

Calc{H 13)=Qrmf

CaletN 14)-Vref

CalctN,15)-Q

Chalc(N,1B)=N

falctN, 17)~8

Calc(N,1B)-'q

Calc(N, 19)-I'm

Colc(N,?20)-Ps

CalctN,2'")-Y

Calci{N 22)<1re

CalciN, 23Ty

Calct(M 24211

Knaray(N)=Calct(h 10) TUANT 10 STORE THE Kn VALUE IN 0N

TARTNY FOR MASS AVERNGING CNLCULNATIONS

Pibpos(N)=CalciN 1) P

Ane ny{Y=CalctN 16) P
BaraytNi=Calc{N 17) [
Carmy(N)=CalciN 22)

Scan-N

NEXT N
Printcalct: OFF END €Path)

FCALCULATE ENSEMRLE AVFRAGE OF XREF

CALL Xrefensemhle!Paavg, Ppavg,G,Xrefavg)
I1COALCULATE EMNSEMBLE NVERNGE OF VAFF

CNLL Vrefensemblet(Xrefavg, Cp, Tempavg,Vrefnavg)
TCALCULATE ENSEMBLE AVERNGE OF QREF

CALL Qrefensemhle(Paavg,Ppavg,G Xrefavg Qrefavsg)
tCNLCULNTE TIE ENSEMBLENVE OF SIATIC TEMF

(L Tenpstotensenblt Tempavg, Xrafavg, lenpatatavg)
TCALCY . ATE THE ENSEMBLE NUF NF VISCOSTTY

CNLL Hurefensemblel Tenpstatavg, Huref)
Calr' ) 25)I'nmvg
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2509
2510
2512
2513
2514
2515
2516
2517
2518
2519
1529
Z521
7522
7523
1524
2515
2526
2527
7529
2579
7530
253

7532
7533
2534
2535
7536
2537
2538
7519
2519
7541

2542
7543
2544
2545
7546
2517
2548
2519
2559
2551

2557
2553
2554
Z255R5
2556
7557
7558
7559
2562
2561

Fazizrs
znh3
7564
7505
75%H
2667
296R
7469
7572
757

il

7{\(7.

TABLE B1 (CONTINUED)

CalctZ,25)-Taavg

Calec(3,25)~Xrefavp

PRINI “0esssvnssracussesaisesssstsassadssstsssssnnstsssonsacsssssns’™
PRINY “~

PRINT “"ENTFR THE LIMITS OF INTEGRATION f.e., THE LIOVEST TO THE ™
PRINT "HIGHEST SCAN NUMBER DESIRED FOR REYNOLDS CALCULATION.™

PRINT "

FRINT “anctssasssssssacnsssessssnscnettosninsessnssssenssvasvessstnne’

PRINT ™"

FRINT " erssssesensesnensssnsossssresosttiosissnsssciesnssssssssnstans”
FRINT ="

PRINT “ENIER THE LOW SCAN"

INFUT Louwpoint

PRINT “¢0ssssesenssssssasrltnssesssanosrttrodonisninstsnsononesnsescsnnnse”
FPRINY 7

PRINT “ENTER THE HIGH SCAN"

INUT Hipnint

LONDSUB NLL FROM “/CLASSICK/ROUTINES/LOSSCALC™

VINTEGRNIF 1

CNALL Datint(Lowpoint Hipotnt Coraoy(e) Prbpos(e) 1tntg)

Re~1281 . B7¢(((FpavgtPaavg)/27.76)/{53.3sTemnpavg))e(Vrefavg/Huref)slintg
FRINT e 000600000000 rvotsncetvsissnesslhossssinsnssssscsnsncsosssssess’”
FRINT "™

PRINT "ALIGN PAPER IN THE PRINIER. WHEN READY FOR A HARDCOPY OF THE ”
PRINT ™"

PRINT "CALCULATED DATA, PRESS “"REDUCED DNIA™" .~

FRINT =~

PRINT oo nsreeseseassar st rnaosinenvacdtstnrtonssssensasnesssssonidosae”
ON KEY 4 LABEL “REDUCED DATA" GOTO Prntdatal
Sptn3: CGCI7 Spind
Protdatal: «RINIER IS Prnter

TRINT “soessvensenssnesssesinssisnsnsarionrossasnce’”

PRINT "FILE ",Calcfiles

PIRINT “evwsvenosssosvasossssssssonvosvrssnasensear’

FRINT "

FIINT "o ase et 2o eerrsessspsssurnsssnrrrttssstennosocsdonssnnusssassesivnans
FRINI

FRINT “SCAN rnn BETN [claialald] Pl Xvel

PRINT & rosit-

FOR N-1 10 Scan

FRINT USING 740,3X,40.20, 3% ,MD. 30t , 3x ,MD. 3DE , 3X ,MD. 3DE , 3X,MD. 30€, 3X,MD. 30E
NEXT N

PRINT &

PRINT 5000000 noetssvrsarrnrsssressssalidsssnstsesssnsostedosoniosvsosincsas
PRINT

PRINT “SCAN Vel Veef Q Qref MNCH
FRINI

FOR N-t 1) Scan

PRINT USING 40, 3X,MD. 3DE, 3 ,MD. 30€, 3%, MD. 30€ , 3X ,MD. 3DE ,2X ,MD. 30E , 72X HD. 3D
NEXT N

PRINT

FIRIMNT “ovnsesessosrntirvisnassenstsrsosrnsstodiderasnestsnesctosisseseveosionase
FRIMY

PRIMNT "SCNAN Pref-Pt/Qref 3] Ire”

FOR N-1 10 Scan

PRINT USTHG 40, ™% ,MD. 3UF  3X MO, 3DF 3% ,MD.3DE "N Calc(N, 18) Calc(N,21) Cal
HEXY N

PRINT

PRIIMNT o000 et 0880000000080 00sistsrarosiossissosenississintacsessssnrecrsniog
FRINT

PRINT “ ENSEMBLE NVERNGES

PRINT

FPRINTD PPNV foann MAN XREFAVG VREF AVE
PRINT 0SNG MO0, 5% M0, 208, 6X, 3D, 2D, 5% M0 3DE S MDD, 30F , 3X,MD. 30X "iFpa

~I
-




2574
2575
2576
2577
2578
2573
7580
2581

7582
2583
1584
2585
2506
25R7
2588
2589
259Q
2591

2592
25933
%34
2535
2596
25937
z59%8
2599
2609
zGen

2692
6¢3
674
765
606
2607
678
2603
7610
7611

61z
7613
2614
2615
616
2617
2618
613
2610
2621

7627
623
7FZ4
1625
7626
2627
678
2679
2639
26

76132

Z6133
72h14
7635
2515
2637

TABLE Bl (CONTINUED)

PRINT “Runef TEMPSIAINVG”
PRINT USING “MO.30€,3X ,MD.30E" Muref , Tempstatavg
PRINT =~

PRINT “REYNOLDS NO™

PRINT USING “D.4DE")Re

PRINT “oernes0sentonadsnteertsssnespnansnioniossvsasesvedronosnssnssnsasvtags”
PRINIER 1S Scren

OVIPUT efath4aCalcie) SERIAL OUTPUT STATEMENT.

END IF

PIINT o0 eusatoossssssnssnstt st sutnrinstonr st ssliosscttncdninessestssannes”
PRINT "

PRINT “70 CALCULATE TIIE CP'S FOR THE BLADE DAIA, PRESS ““BLADE CP'S5"""
FPRINT = PRESS "GO ON"" 1O CONTINUE."

PRINT "

PRINT “tvonear oo tgueeasssttosiiatensusissssonnbnussitoovnntnncasonssrsvsy
ON KEY 1 LNDEL “BLNL. Ct 2" GNTO Coalculatecp

ON KEY 4 LNBEL "GO ON" GOTO Loadoption?
Spind: GOIO Spind
Calculatecp: HNSS STORNGE 15 “/CLASSICK/REDLATA”

PRINT ™"

PIINT 20 o nonr et sesasnsneossssondosdnsnbtadiossstissnnsiosscssvsasasnsosner”
PRINT ™"

PRINT "FMNIER TiIIE FILE NAHE OF THE BLNDE DNIA SCALED IN ENGINEERING UNITS™
INFUT Sclbladftles

PIIINT oo e er s s 0 0 ae oo v tntiesettstasissisesiestssnsssnhtssisntsstanrtndantsa™
ASSIGN PPPathS TO Sclbladitles

PRINT “~

PRINT "ENIER THE FILE NAME 1O STORE THE MNSS AVERNGED CP'S CALCULATED"
PRINT “FROM THE BLADE DNIAN.™

INPUT Bladcalc$

CREATE BTN Bladralc® 100

NSSIGN #ratht 10 Bladcelcs

OIN Prntdatall,h48) IDINENSION STATNENTS FOR BLADE NRRNYS

1ARE HERE SO ARRAY SPNCE IS ONLY ASSIGNED
YIF BLADE OFPTION 1S SELECTED.

DIM Cpmassavg( 48)

MAT Comassavg= (@)

HAY Protdata- (0)

FIUINT “ssassvstssnersnrnssssetsssvsnasentossassionopsnsnssssranssss™
FRINT

PRINT "ENTER THE LIMITS OF INIEGRNTION 1.e., INE LOWEST T0 THE ~

PRINT “"HIGHEST SCAN NUMBER OESIRED FOR BULNADE CP'S”

PRINT

PRINT o oeorssnsndosssrssrosssttossennsdinstssiosstvsntntossnsnetrvsdos’”
PRING

PRINT o v nosaso e s 0000t eetssssstnenssnsressiasnnsononevssssrasveqtag”
FPRINT &

PRINT “ENTER THE LOW SCAN”

INPUT Loupoint

FRIMT “8eeersrttstastsnssstssrtnttssnnssttinssststlstnssstibessssnsnntves”
fFRINT ™

PRINT "ENTER THE HIGH SCHANT

INPUT Hipoint

TINTEGRNTE 0

CALL Datintiloupoint Hipoint facay(e) Prhpos(e) Aintg)

TINIEGRNTE B

CAlt Datint(Loupoint Hipotnt Barayl(e) Prbpos{e) Bintg)

FINTEGRNIE Kn

CALL DatintilLoupoint Hipoint Knaraylis) Prhposle) Knintg)
Al=Nintn/Knintg

Bi=Dintg/Kninto

ENIFR BrathSentdatate)

FoesPrntadatatt 13

FOR Nsfirsthladeprt 10 Lastbladeprt I0BTAINED FROM PORT ASSIGNMENT SHEF T

72




array assignment section of YCALC." These changes are shown
in lines 2071 and 2191 of Table Bl.

Modification to provide for mixed-out flow 1loss
required subroutine calls Xrefensemble, Vrefensemble,
Tempstatensemble, to calculate values Y., V. and T, . needed
for evaluation of the integrals as defined in Appendix D. The
subroutines required are contained in "SUBCALC." Additionally

most values had to be placed in arrays for the proper passing

to "LOSS." Lines 2350~2510 of Table Bl contain the changes to
"CALC." Table B2 is a listing of "SUBCALC."
2. M10OSS" Changes

The "LOSS" program was '~dified to perform fully-
mixed~out flow loss calculations in addition to the previously

programmed mass averaded loss calculation of Classick [Ref.

6]. This required the change of variables from simple to
array variables, the addition of five subroutines and
subroutine «calls, and the associated print and format

procedures to produce the additional output.

The pressure, dimensionless-velocity, yaw angles and
position variables were assigned to an array to allow the
subsequent calculations discussed in Appendix D. This allowed
for proper passing of upstream and downstream values to the
appropriate subroutines. Lines 740-1290 of Table B3 are where

the changes occurred.
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135
140
145
150
155
160
165
170
175
180
tes
130
195
00
795
7210
215
220
275
230
235
240
245
250
259
262
265
270
775
280
285
790
295
leQ
3es
31Q
315
320
325

TABLE B2

SUBCALC PROGRAM LISTING

fHeLe subunLt

I THIS FILE CONTARINS NLL THE CALCULATION SUBROUTINES CALLED BY THE
10ATA REOUCTION PROGRAM CALC.

SUB BocalctPa,Pl P13,P4 PS Beta, Gomma)

Beta-(P1-P23)/{(P1iPB)

Gamma~(PA-P5)/{P1-P23)

SUBEND

SUB Xphicolc(Beta,Gamma, Xvel X{¢) Fhi P(e))

OFTION BNSE 1

oIn E(B)

DIN FUB)

MAT E= ()

MAT F= (O)

fFOR J=1 10 6
ECI)=X{1,J)4X(2,J)eGammatX( ] J)eGanna 2 +X(4 J)eGanma~3IX{5 J)*Gomma " 41X(6,
FCD=P(1 J)I4P(2,J)eGammatP(3 J)sGanna~2+P(A _J)eGamma 3+P(5, J)*Ganma™44P(6,
NEXT J
Xvel=E(1)4E(2)7BotatE(3)'Bota"2+tE(4)sBeta” 34E(G)'Beta 44E(G}*Beta"5
Phi=F(1)4F(Z)*BetatF(3)sBeta"2+F(4)eBeta"3+F(5)*Beta-4if{6)*Beta"S
SUBEND

SUB Vmgcolc(Xvel ,Cp, lemp,G, Vel Mach, Pl .Fa,Q)
Vel=Xvel®(72¢Cpr77803Z. 1740 Temp)~. 5
Mach={(({Xvel "Z)/(1-Xvel "2))e(2/¢G-1}))".5

Q-(P14Pa) s (G/{G-1))eXvel " 28 ((1-Xvel"2)"C1/(5G-1)))

SUBEND

SUB Xrefcaolci{Pa,Pp .G, Xiref)

Xref-(1-{Pa/(PpiPa)) {{6-1)/G))".5

SUBEND

SUB Kncalc(Pwe Pi Fp,Xvel Xref G,You Kn)

Kn=((PI1+P8)/(PpiPa)) s Xvel /Xref ) e (((1-Xvel 21 /{1 -Xraf Z))"(1/(G-1)))

SuBtxY)

SUB Coefpress(Pl Pp Pa,Xvel G, Cps,Cpt)

Cpt=(P14Pa)/{(Ppifa)

Cps-({P14Pa)e({1-Xvel“2)°(G/(G-1)1))/(PptPa)

S118rND

SUB Ensemble(Pp Piaitial Pa,.Patnttial  Temp Tinttial Ppavg,Pravg, lempavg,N)
Ppe-Pp+Pinitial

Ppavg=Fpes/N

Pinttial =Ppe

Te~Tamptitnitial

Tempavg~rlte/N

Tinittiml=Te

Pae-PatPninitial

Paava-Pae/N

Painitial=Pae

SI1IBFND

SUB Xrefensemble(Paavg,Mpavg .G Xrefavg)
Xrefavg=(1-({Paavg)/(PpavgtPaavg) ) ({(G-1)/6))".5

SUBEND

SUB Vrefensemble(Xrefavg,Cp, Tempavg,Vrefava)
Vrefavg=Xrefavgr{2CpsTempavg?778¢32.174)°.5

SUBFND

SUB Qrefensemble(Paavg,.Ppavg,G Xrefavg, Qrefavg)
Qrefava-(FPpavgtPaavg) ' (G/(G-1))eXrefavg 2ot )-Xrefavg 22 C(1/(G-1))
SURFHND .

SUB Qvrefcalc(Xref ,Cp,Temp,G,Pp,Pn Qref Vref)
Vref=Xrefo(2¢CpeT778e32.174¢Temp)".5
Qref-(PatPp)s(G/(G- 1)) el Xref 20 1-Xref 2)°(1/(G-1)))

SUBFND

SUB Cpintrgrand(Pp Pt Pa,G Xvel N, B Kn)
M-Pp/((F14Pa)*(G/(G-1))eXvel "2e((1-Xvel“2)"(1/(G-1))))
Ni=(Pa/(P1Fm))- (L1 -Xvel 217 (G/(G-1)))
NZ~(G/(G-1))eXvel 2¢((1-Xvel 2} (1/(G-")))

N=N1/N2Z
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TABLE B2 (CONTINUED)

33 A-MekKn

338 B-NsKn

340 SUBEND

345 SUB Cpealcinl Bl Pp,Plocal , C)

350 C-({Plocal/Fp)snl)+BI

355 SURBFND

360 SUB Staticpress(Pi ,Pa Xvel G, Ps)

365 Pa=(P14Pa)et | -Xvel"2)°(6/{(G- 1))

370 SUBFNO

378 SUB Prefaref(Pp P! Qref Pq)

300 Pa=(Pp-Pt1)/Qref

385 SUBFND

390 SUB ViscyoulTemp Tempstat U}

395 U~((Temp/Tempstat)~1.5)e((198.72+Tempstat)/(198.7241emp))
400 SUBEND

405 SUB Retntegrand(Kkn ) Yaw, Ire)

410 Ire={Kn/COS{Yau))=*U

q15 SUBEND

a0 SUB Tempstatcalc{Xvel Temp,Tempstat)

425 Tempstat=lempe(1-(Xvel“2))

430 SUBFEND

435 SUB Tempstatensembl( Tempnvg, Xrefavg,Tenpstatavg)
440 Tenpstatavo=-Tempavao*(1-(Xrefavqg“ 7))

445 SUBFND

159 SUB Murefensemble( Tempstatavg, Muref)

455 Huref=((.063373Tempstatavg™1.5)/(198.724+Tempstatavgy))e1.153E-5
460 SUBEND
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759
Z51

260
270
289
290
302
Jie
320
330
340
359
360
370
klsl}
390
402
419
429
439
149
459
460
419
471

480
430
500
510
5170
530
540
550
560
570
580
581

590
600
610
679
630

TABLE B3

LOSS PROGRAM LISTING

tPROGRAM LOSSBE
I THIS PROGRNM USES VALUES FROM THE CNALC ANRNYS GENERATED BY REDUCING
ISCALED DNTA IN PROGRAM CALC. SUBROUTINES INTEGRNTE THESE VALUES AND A
ISTATIC PRESSURE RISE COEFFICIENT AVDR 8 (0SS COEFFICIENT IS CALCULNTED.
IHUCH OF THE CODING WNS PREVIOUSLY COMMENTED ON IN PROGRAM ACQUIRE AND N
IPROGRNAM CALC. |
OPTION BASE i
DI Calcl(100,25) INOTE THAT uy NND 1 DESIGNATORS DISTINGUISH
|
|

1THOSE VALUES FROM UPPER SURVEY AND LOWER

ISURVEY STATIONS RESPECTIVELY. |
DEG
G=1.4 r
Scren~i |
Prnter=701 |
DIM Calcu( 1@, 75)
DIN Poagtoroo) |
DIN Posttu( 100) !
DIN Cptxkn(10@) TCOMBINED VALUES TO MAKE THE INTEGRNATIONS
DIM Cptuxknu( 109) IMORE EXPLICIT 10 THE PROGRAMMER.
DIM Cpsxknt 10Q)
DIM Kn(100) ‘
DIM Knu( 12@)
DIM Yxkn{ 10@) ‘\
DIN Zxknul 1) !
DIN Pau( 100) |
DIN Pal(1@2)
DIM X1(100)
DIN Xlref(100)
DIN FPlref(100) .
DIN PL1(100)
o1H yrut (100
DIN Xu: @@)
DIM Xuref(100)
DIM Puref(100) T
O Ptuc 10
DIM Yauwul( 100)
MAT Calcl- (@)
1WNT Calcu= (@)
MNT Postt= (@)
MAT Postitu= (Q)
MNT Cptxkn- (@)
MAT Cptuxknu= (@)
HNT Cpsxkn- (@)
MAT Kn= (@)
NAT Knu~ (@)
MNT Yxkn= (@)
HAT Ixknu- (@)
Nt Pau~ (@)
MNT Pale (&)
MAT X1= (@)
HNT Xlref= (O)
MNT Plref- ()
HAT Ptl~- (®)
HAT Yaul=- (O)
MAT Xu- ()
MAT Xuref- (@)
MNT Puref~ (@)
AT Py~ ()
HNT Yauu- (@)
LONADSUB NLL FROM "/CLASSICK/ROUTINES/LOSSCM C”
LONDSUB Al L FROM “/CLASSICK/ROUTINES/LOSSCNIC™ .
LONDSUB NLL FROM "/CLASSICK/ROUTINES/SUBMIXLOSS!
MNSS STORNGE IS “/CLASSICK/REDDNTA”
PRINTER IS Prnter
PRINT "{ 0SS CALCULATION RESULTS FOR STATION TUD NND MIXED FLOV RESULYS.™

PRINT “ee0 0100000 0000000000000 0800u0itnstaonarsosnioscescesnonsvenaesscsn’
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TABLE B3 (CONTINUED)

610 PRINIER IS Scren

650 PRINT "ENIER THE NAME OF THE FILE CONIAINING THE CALCULATED DATA FROM THE™
660 PRINT “LOWER PROBE"

672 PRINT " aaeoneasesnrssns st ssenssesnssscsdtnstsnioastsnansnsbatonenanontnse”
680 INFUT Celclfiles

1:1 PRINT "ENTER IN THE HIGHESY SCAN TAKEN FOR LOWER SURVEY"

700 PRINT "'.c...'....I’I'..IIOII.Oillllill.ll!l0!0..Qlllll..ll'l.l..l.!'llll"
710 INCUT Scanl

720 ASSIGN ®Path! 10 Calclfiles

710 ENTER ®PathtiCalclte)

740 FOR N-1 10 Scenl

750 Posit(N)-Calcl(N,1)

760 Kn{N)=Calcl(N 10}

7 Cpt=Calcl(N, 11)

7890 Cps~Calcl{(N, 12)

790 Pal{N)=Calcl(N, 19)

800 Pel=Calcl(N,670®)

812 X1 (N)*Calcl(N,5)

8zoe Xlref(N)-Calcl(N,B)

alie Plref(N)=Calcl(N,23)

REY] Ptl(NI=Calcl(N, 74)

B850 Yaul(N)=Calcl(N,69)

860 Q1-CnlcliN 15)

Ire Y=(FPal{N)-Ps1)/Q1

910 CotxkniN)-Cpts¥nt N)

920 CpsxkniNY~CpsekKn{N)

930 YxkntN)=YeXni N}

949 NEXT N

950 Skipy:  PRINT ™"

96¢ Flrefavg~Calcl(1,625)

970 Paleavg=Calcl(2,25)

980 Xlrefavo-Calcl(3,25)

390 PRINT 'FHIER THE NAME OF THE FILE CONININING THE CALCULATED DATA FROM THE"
1209 PRINT "UPFER PROBE"

1019 PRINT “oovaonvsensnersaatosnrsssneneononnoatesndocestoosvsshsoousssnsasntas’
102@ INPUT Calcufiles

1939 FPRINT “ENTER IN THE HIGHEST SCNAN TAKEN FOR UPPER SURVEY"

12043 PRINY B Y Y R R R Rl e O PPt
1€59  INPUT Schanu

10G@ ASSIGN Brath? YO Calcuftle$

1070 ENTER PPath21Calculs)

1089 FOR N=1 70O Scanu

1039 Posi!u(N)’Cnlcu(N,i)

1120 KnylN)~Calcul! N, 10)

1119 Cptu=Calcu(N 11)

1120 PautN)=Calcu( N, 19)

1132 Pay-Calcu(N, 20)

1140 QurCalcu(N 15)

1150 Xu(N)=Calcu(N 5)

116D Xuref(N)=Calcul(N, G)

117@ Puref{N)~Calcu(N,623)

1182 PtytN)«CplculN,?24)

1192 Yauu(NI=CalculN )

121Q Z={Psu-Pau(N))/Qu

1220 CptuxknuiNI-Cptusknu( N)

1230 7xknulM)=2sKnui N}

1740 NEXT N
1250 Skipz:PRINTER IS Prnter
1269 PRINT “USING FILES " Calclftle$,” *.Calcufile®

1270 Purefavg-Calcul(1,25)

1280 Pausvg-Calcul2,25)

1290 Xurefavg=Calcu(3,25)

1302 PRINT "~

1310 PRINT “XLREFNVG PLRFFAVG  PALNAVG™

13720 PRINT USING "MD.3DE, IX,MD. 3DE M. 30E" 1 X1refavg.Plrefavg,Falavg
1330 PRINT "
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TABLE B3 (CONTINUED)

1340 PRINT “XUREFAVG PUREFAVG PAUNVG™

1350 PRINT USING "MD. 3DE, 1X MD.3DE ,MD.30E" 1 Xurefavg ,Purefavg Pauavg

1360 PRINT "~

1370 PRINTER 15 Scren

1380 PRINT ™"

1399 PRINT “ENTER THE LIMITS OF INTEGRATION FOR THE LOWER PROBE SURVEY"

1400 PRINT "™

141D PRINT "2 e oo s asnvttenonontistestetonis encnsdoasasisncsossnostsasenssnassess”
1429 INPUT “ENTER THE FIRST POINT” Louwpointl

14390 INPUT "ENTER THE LAST POINT" Hipointl

1442 ) CALL THE INTEGRATION ROUTINE

1459 INLL Oatint(Lowpoint]l Hipointl Xn(s) Postit(*) Oenominator)

1460 CHLL Dotinti{lLoupointl] Hipoint]l Cptxkn(s) Fosit(e) Intega)

1470 CALL Datintilowpointl Hipointl Cpsxkn(*) Posit(e) Integc)

1480 CALL Datint(Loupointl Hipointl yxkn(e) Fosit{s), Integy)

1432 CALL Integrals(Ptlles) Xi{(+) Pal(+) Plref(s) Xlref(2) Yaul(®) Posit(*) Hipo
1509 PRINT "

1519 PRINT "ENTER THE LIMITS OF INTEGRATION FOR THE UPPER PROBE SURVEY"

15ZQ@ PRINT "

1530 PRINT "0 enoso0enattsscnssttacsasnsitnsessisnsssssnestessasccsstonstnssasa’
1540 INPUT “"ENTER THE FIRST POINI" Loupointu

1559 INPUT “ENTER THE LASTY POINT" MHipointu

156@ CNLL Datint({Loupointu, Hipointu Knu(*) Positu(*) Numerator)

157@ CALL Datint(lowpointy, Hipointu, Cptuxknuls) Posituls) Integb)

1582 CNLL Datint(Loupointu Hipointu,Zxknul+) Posituls) Integz)

1599 CALL Integrals(Ptul(e) Xul(#) Pauls) Purefl(s) Xuref(®), Yauwu(s) Positul®) Hipo
1602 PRINTER 1S Prnter

1610 PRINT " INTEGA INTEGC INTEGY INTEGB INTEGZ NUNERNTOR™
1622 PRINT USING “MD.3DE,1X,MD.3DE,1X MD.3DE, 11X MD.3DE, 1X,MD.3DE HD.3DE"1Intega,
166Q PRINT "

1670 PRINT “DENOMINATOR”

1682 PRINT L51NG “HD.3DE"1Denominator

1690 PRINT "

LI 18 L R e e
1710 CpZ2-(1ntegz/Denominator)+(Inteqgy/Denominator)

1720 Avdr-=Numerator/Denominntor

1730 PRINT “STNTION TWO RESULTS"

1746 PRINT © -

1750 PRINT “SINTIC PRESSURE RISE COEFFICIENT™

1760 PRINT USING "HMOD.3DE"Cp?

1770 PRINT ™"

17860 FPRINT "AVDR"

1799 PRINT USING "MOD.3DE"yNvdr

1802 PRINT "

1812 U-{Intega (1/Avdri*l{Integb))/({Inteqn-Integr)

1820 FRINT "LOSS COEFFICIENT"

1839 PRINT USING "MD.30E" (W

1849 FPRINT ™"

1850 PRINT M -sommmmmmmmc e e e e o oo et e e "
186@ PRINT "

1879 PRINT “THE FOLLOVING 1S FOR MIXED FLOW RESULTS™

1880 PRINT "

1830 PRINT M- e oo oo e m e b e e e e e oo -
1831 PRINT " 11AVGL 12AVGL 13AVGL 1tAVGY 12AVGU 13nvGU~
1892 PRINT USING "MD.30E,1X, M0, 3DE, 1X MD.3DE, IX ,M0.3DE, 1X MD.3DE, 1X ,MD.3DE" 11 1a
1893 PRINT "

1900 CNLL Conscalce(Ilavgl.12avgl,l3avgl,Xlrefavn, Navgl ,Bovgl ,Cavgl,Davgl ,Eavgl)
1901 PRINI "ANVGL BNAVGL CAVGL DAVGL EAVGL"”

1302 FRINT USING "MD.3DE, IX MD.3DE, X, MD. 30€, IX, MD.30€, IX ,MD. 3DE" s Aavgl ,Bavgl ,C
1903 PRINT " .

19190 CALL Conscale(Ilavgu, 1Zavgu,l3svgu,Xurefavn, Navgu,Bavgu,Cavgu,Davgu,Eavou)
1911 PRINT “NAVGU BAVGY chvGy DNVGY EAVGU™

1312 PRINT USING "MD.3DE, X, MO.30E, 1%, MD.3DE,I1X MO, 3DE, 1%, MD. 3DE" 1 Aavgu,Bavgu,C
1913 PRINT "

1920 CNLL Mixt]low(Navgl ,Bavgl ,Cavgl Davgl ,Eavgl Xlrefavg,llavgl Palavg Ximixflo
1330 CALL MixflowlAavgu.Bavqu,Cavgu,Davau,Eavau Xurefava.ltavou.Pavava Xumixflo
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1950
1360
1970
1369
1390
1392
2000
2019
r1744
7030
2040
2050
2062
2070
2980
7090
2100
2110
2120
2132
2140
2159
2160
2170
2180
2190
2209
2219
2229

TABLE B3 (CONTINUED)

PRINT USING "MNO.3DE ,HD.3DE, X, HOD.3DE, IX MD.3DE" s X1mixflow, Yowlmixfiow Ptlr
PRINT ¢

PRINT "XMIXFLOW YAUMIXFLOW PTRNTIO PSRNTIO FOR UPPER STATION"
PRINT USING "ND.3DE MD.3DE, 1K ,MD. 30E, IX MO, 3DE" 1 Xumixflow, Yavumixflouw Ptur
CALL Mixloss(Pturatio, Ptlratio Pslratio,Palavg,Pauavg,Plrefavg,.Purefavg, Un
CALL Nvdrmix(Ptlratio Pturatio XImixflow, Xumixflou, Xlrefavg, Xurefavg,Yaulm
PRINT

PRINT M- mememve oo m e s e e e e e et memm et seno o
PRINT "

PRINT “MIX FLOW RESULTS"

PRINY & _ "

PRINT "

PRINT “MIX FLOW SINTIC PRESSURE RISE COEFFICIENT™

tPRINT USING "MD.3DE"{Cpmixflou

PRINT "~

PRINT "MIX FLOW AVOR"

PRINT USING “MD.3DE"1Avdrmixflou

PRINT "

PRINT “MIX FLOW LOSS COEFFICIENT"

PRINT USING "MD.3DE"1Umixflou

PRINT "~

PRINTER IS Scren

PRINT ™"

PRINT e nsaonssetensnsnttstresssnrassinesrsesstnassnitionssannsstonnoness”
PRINT ="

PRINT END OF PROGRNAM™

PRINT ™~

PRINT "o rnoaare s e s st o aetststassantinanostssssastsnsusstinnstnsssnsnnstes”

END
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The additional subroutines for the fully-mixed-out
loss calculation are in the routine "SUBMIXLOSS." Subroutine
"Integrals" is used to calculate the necessary integrals as
shown in Appendix D. Subroutine "Conscalc" reduces the
integrals to the needed constants for the fully-mixed-flow
quadratic equations described in Appendix D. Subroutine
"Mixflow" returns the mixed-flow pressure ratios for the mixed
loss calculation. Subroutine "Mixloss" provides the mixed-out
loss coefficient while subroutine "AVDR" provides the mixed-
out axial-velocity-density ratio. Lines 10-640 of Table B4
incorporate these changes.

The print and format statements were added in lines
1610-2150 of Table B3. These changes are shown in Figures B3
and B4 which are the printouts cf the loss resuits for the

reference blade and the slotted blade.

B5. PROGRAM LISTINGS
The complete 1listing of the programs and associated
subroutines is given in the Table of Contents for Appendix B.

The listed programs are matched with the below identified

subroutines:
ACQUIRE CALC LOSS
SUBACQUIRE SUBCALC SUBLOSS

SUBMIXLOSS
Plots as listed were printed out using the following

plotting programs:
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TABLE B4

SUBMIXLOSS PROGRAM LISTING

FTHIS FILE CONTAINS THE CALCULATIONS NEEDED TO FIND THE MIXK

YFLON PAROBETERS OF MNY REASURED STATION

t

PINTEGRALS FINDS THE 1invh, 12796 AND 13AvVD VALUES

CONSCAi.C FINDS THE VNt UES OF v 6,C,0,E

LHIAFLGOW “TROS THE VALUES GF X, vald, FU RaTIGN aNG PS &aTla

THEXLGSS TINDGS THE CPT, aviDde NHD HIX FLOW LOSS

SUB Integrals(Ft(e) K(e) Fate] Fitref(eo) Karef{s) vauw(e) Fosi1t(e) Hipoint, L
OGP TIOGN BASE

G=1.41

OIH Integral i id@)

ODIM InteqralZ( €0

Dint Inteqgrel 34 129

HAT Inteqrall= (@1

MY Integrall= (92

HAT Integrald~ (G)

FOfc N=) 10 Scan

Integral I{N)={(Ft{(NI+Fa(N) 12 xX{N)e(1-XKINy 21 C1/(G-1112C0S(rauiN) 1)/ {{FPtref
Integral2{Ni=(Integral t{Nr7ex{N1eSTH( rauiNI I/ Kare{ (N}

Inteqral (N ={((PtI(N +FalNI1o({1-X(N? 27 3, 5+(7oX(N) 2¢{1-K{(N)Y 27 2.5¢C0G5(r
NEXT W

Ciit Botinti{loupoint Hipoint , Integrall{e) Fosit{»3 11}

Citl LatintlilLoupotnt Hipoint Integrali(e) Fossytiey 127

Cit Datinti(louwpoint Hipoint Integral3ie, Fosit(e; 13

liavg-1l

1zavg~12

13avn-13

SUBE WY

SUB fohacalciliavg.lzavg,13avg, kretavg,it, B, 0,0,
firxXrejavaoe{liavgsliavg)

B-rrefavpe(l3avgsliavg)

G-1.41

Cri(Gr /(G- 2

D-7eS50RT(CI(1-(LZ00)/(G-1irert 2)-B 1
ErCl-(CZeG1/(G- 121001 27 218 2901 2

SUBEND

S5uUb Mixflowifn,B,C,0,€ Axrefavg,liava,Faavg, xmixflow, vewmixflow Ftratio,Fsra
G=t.4i
Arixnd Yousari=(-O+SQRT(D 2-4¢CeE)s(200)
Amixtflousar2e(-0-SQRI(O 7-49CoEr1/02C)
Amixflouwl *SORT(Amixflousqrit?
armaxfiowZ=SQRTcAmixflousqr 2
1F xmixflowlsamixflow? THEN
xrmixflow=xmixflou2
ELSE
rmixflou=Amixflowul
END IF
vaurix{ lou=aSNOAs Kmixf touw)
Ftratiov(Krefavg/rmixflowde((t-xrefovg 29 Z.5)/(1-Amixflow 27 2.5*{T1lavg/C
Fesratio-Ptratiosti-Xmixflow 21 (G/(G-1)1
SUBENT

SUB Hixloss(FtZratio Ftiratio,Fsiratio,Pal Fau, Pir Fur Loss)
Loss-{(Ftiratio-Ft2ratior/(Ptirmatio-Felratio)
SUBEND)

SUB avdrmix(Ftlratio Fturatio,slmix,Kumix, xlref ruref  raul vawu fivdr)
Klmixflou-Ftlratiovt Kimix/Kivefre(t-Klmix 22/¢)-xlref 277 Z2.52C05(vaul}
kumixflow-Tturatiovt xumixs/Rured de({ - xumix 2)/(1-Rurat 203 2.5¢C0O50 ey
frvdr ~kumixflow/ Kimixflouw

SUBEHD
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LOSS CNLCULATION RESULTS FOR STATION TWO AND MIXED FLOVW RESULTS.

USING FILES L-@4HNnY7CALC U-@1JUNCALC

XLREFAVG PLREFAVG PALNVG
9.3426-07 1.267€+Q1 4.06GE+Q2

XUREFNVG PUREFAVG PAUNVG
9.31BE-02 (.263E4Q1 4.074E402

INTEGH INTEGC INTEGY INTEGB INTEGZ NUNERNTOR
2.325E+00 2.225E+02 1.Q1BE+QQ 7.357E+00 -1.177E-01 2.376E400

DENOMINNTOR
2.339E+00

STATION TWO RESULTS

STATIC PRESSURE RISE COEFFICIENT
3.851E-01

AVIR
1.Q1CE+®D

L 0SS COEFFICIENT
1.Q14E-01

THE FOLLOWING I¢ OR MIXED FLOW RESULIS

ItAVGL - 120AVGL 13nvGL 11AvGUy 12nVGU 13nVGY

7.758E-Q|‘>5,SSSE-QI 1.IS7E402  7.91BE-Q1  2.927ZE-07 1.149€+02
ARV BAVGL - caveL DAVGL ENVGL

8. 344€-02 I.JBGEéa*\\B.ﬂssEOOI -1.B1QEY@2 7.Z245E+Q0Q

‘\\

ANVGU BAVGU CAvVG DNVGUY EAVGY

3.438E-03 1.357E401 3.AGSE4BL -1.TVIE407 1 .ODIEOQ

XHIXTLOW  YAUNIXFLOUW PTRNTIO -;;;R}$O FOR LOVER SINTION
1.115E-01 4.845E+01 9.943£-Q1 9.575F-
XMIXFLOW  YAUNIXFLOW PIRNTIO PSRNATIO FO FPER STATION
7.658E-07 2.574E+@@ 9.576:-01 9.385E-0Q) -
e ittt ) ‘\‘\- -

\

MIX FLOW RESULTS ~

MIX FLOW STATIC PRESSURE RISE COEFTICIENT

MIX FLOU NVDR
I.QISE+00

MIX TLOU LOSS COEFFICIENT
8. 760E -1

Figure B3. Reference Blade Loss Output
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LOSS CALCULATION RESULTS FOR SIAFION TUO NAND MIXED FLOW RESULTS.
R N N N R R N NN N RS R Y AN R AR NN Y}

USING FILES L-@4nny7cALC U-31MAYHCALC

XLREF AVG PLREFNAYG  PNALAVG
9.342E-92 1.2R7E+Q1 4 QOGGE+027

XUREF AVG PUREFNVG  PNAUNVG
9.315€£-02 1.760Q0E401 4 0Q6BBE+Q?7

INTEGNH INITEGC INIEGY INIEGB INTEGZ NUMERATOR
2.375€6+Q0 7.775E40Q00 ! . QU1BE4QQ 2.3BBEQQ -7.158€-01 7.412E400

DENOMINNTOR
2.339€100

SINTION TUWO RESULTS

SINTIC FRESSURE RISE COEFFICIENT
3.853¢ - 01

AVOR
1.@31E+00

LOSS COEFFICIENT
8.963F - @2

11AVGL 1ZAVGL 13nVGL 11nvcy 17AVGU 13nvGU
7.778 @1 B.9GSE-@1  1.15764@7 B.038E-01 3.13GE-0Z 1.146E+407

fAVGL BAVOL CAVGL DAVGL ERAVGL
B.344€-27 1.3N6F+@1 3.455E+401 -1.810E41Q72 2Z.745E+09

ANVGH 8nvGu caAvGY DNVGY EAVGU
3.6356-@3 1.328E4Q1  F AGGE+Q! -1.BA7E4QZ  1.202E+QQ

XHIXTLOW  YAUMIXILOW PIRNTIO PSRATIO FOR LOVER STATION
1.11GE-@1 4.845E+@1 9.943E-@1 9.525E-01

XHIXTLOW YAUMIXTLOW PIRALIO PSRATIO FOR UPPER STNATION
7.090RE-Q7 2.BGNERQ 8.54QE-Q1  9.342E-01

MIX FLOW STATIC PHESSURE RISE COEFFICIENT

MIX FLOD AVDR
1.031E+00

MIX FLOW LOSS COLFFICTIENT
9.6727e-01

Figure B4. Slotted Blade Loss Output
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Program Plot

CPBLADEPLOT Figure 12
BETAPOSIT Figure 7
PRESSPLOT Figure 9
VVREFPLOT Figure 8

The plots are printed using the DUMP GRAP key on the Hewlett
Packard keyboard. A simple understanding of the plotting

procedures of Reference 10 is needed to ensure proper plots.

B6. DATA LISTING

Table R5 lists the scanivalve port and scanner channel
assigrniments for data acquired using the program "ACQUIRE."

An example of the table of survey data for an upstream
survey output by "ACQUIRE" in raw measurement units (volts) is
given in Table B6 with the corresponding scaled (engineering
units) data output in Table B7. Results of downstream surveys
for both reiference and slotted blades are similar, with
variations occurring only in measurements, scan nhumbers and
scan positions.

The following 1list provides the reduced data output

tables and the corresponding survey position and blade:

Table Position Blade

B8 Upstream Reference
B9 Downstream Reference
B10O Downstream Slotted

An example of scaled data output by "ACQUIRE" for a
surface pressure scan 1is given in Table Bll. The associated
table of pressure coefficients calculated by "CALC" is listed

in Table Bl2.
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TABLE B6

EXAMPLE RAW DATA FILE PRINTOUT

R e T T X N IR R RN Rt
PRDBE AW DATA FILE

PRETINSNANGPAD  ABIABDRSRSPBRBOETRENABEARIDRS

SCAN PROBE !

POSITY
' 0.0
2 .10
3 .20
4 .30
5 .40
6 .50
7 .60
8 .70
9 .RO
1] .90
" Lowo
L4 1.10
13 1.20
14 1.30
15 1.40
16 1.50
17 1.60
18 1.7
19 1.80
0 1.930
ral 7.0
ks .10
23 2.29
74 2.3
25 Z7.40
6 7 .50
27 T.60
8 .70
29 Z7.80
3o .30
3 3.00

SCAN &
I -8.372C-04
Z -8.386[.-04
3 -8.305E-04
4 -8.346t-01
S -8.360E-24
6 -8.386E-0a
7 -B.38GE-04
B -8.3786f-04
9 -8.390E-04

H 3 4 5
-1.07QE-05 -1.120€-05 1.259E-03 -7.314E-04 9
.170E-05 -1.€6OE-05 1.255€-03 -7.294E-04 9
-8.42¢t-0C -0.600E-@6 1.250t-03 -7.26GE-04 ]
-9.B800E-06 -9.4MDE-0B 1.252€-03 -7.338E-014 9
-1.340€-0% -1.220E-25 1.251€-Q03 -7.280E-04 9
-1.300E-05 -1.3GoC -5 1.250€-@3 -7.3353€6-01 9
-1.16QE-05 -1.300E- 05 1.255€-03 -7.7284€-04 9
~1.320E-05 -1.370E-03 1.750C-@3 -7.34GE-04 9
~1.27Q6-Q5 -1.24Q£-05 1.250€-03 -7.350€-04 9
-1.160E-05 -1.180QF-05 1.257€-03 -7.372E-04 9
.180F-05 -1.1800-@% 1.254E-03 -7.327t-04 9
-3.400C-06 -4,C00E-06 1.258€-03 -7.354E-04 !
~1.240€-0% -1.120€-0Q% 1.25BE-€3 -7.392€-04 1
-1.Q00E-Q05 -1.Q080E-0S 1.260E-Q03 -7.314E-04 §
-9.6006-0G -1.080t-05 1.26VE-03 -7, 342E-04 |
-7.400€-06 -K.000C-06 1.256E-@3 -7.329E-04 1
-9.2002t-0t -9.800E-0C 1.267€-03  -7.3G4E-94 1
-8.400E-06 -7.002€-06 F.2G1E-@3  -7.310C-04 1
~1.20%€-QC -1.400F- QC 1.261E-03 -7.379F-04 |
-5.60QE-06 -5.000€-06 1.7536-@3  -7.359E-04 |
~Z.0%0F-0C -7.000(-07 1.2626-03 -7.34%Qt-04 |
-1.0Q9E-05 -1,070E-0S 1.2536-03 -7, 363€-04 i
-1.340€-0L -1.700F-05 1.755F-@3 -7.3300 o4 !
-1.970€-25 -1.QM0E-05 1.258E-@3 -7, 314E-¢4 |
-1.280-@5  -1.120F-0% 1.257e-@3 -7.337F-0a 1
-1 1108-05  -1.790E-0c VOINTE-23  -7.212E-04 1
-1.120F-05 -1.270t-0% 1.25%¢-03 -7.412E-04 f
-1.402€-05 - 1.6399€-05% 1.754€-03 -7.392E-04 1
-1.080E-95 -).120E-00 1.2586-Q03 -8.037F- 04 !
-1.3200-95 -1, 370€-05% 1,754E-03 -8.Q7GE-04 !
~11706-05 -1.72007-04 1.25u+-03 -8.0Q3EF-04 1
[ AR R RN R R A R R R N R R A R S R R R R R N R R R N N N S N N N R Y R N RN N Y]
7 8 9 10
~8.3R2E-Q4 -7.734E-@4 -9.5RAE-04 1.077€-03
-8.336E-04 -7.720t-04 -9.6@4t-01 1.079E-03
-8.345E-04 -7.732E-91 -9.6A4E-04 1.073€-03
~8.3576-014 -7.604E-04 -9.627F-04 1.076E-03
-6.380E-04 -7.5389E-Q4 -9.675E-04 1.058E-03
-8.384F-04 -7.65GE-04 -9.874E-04 1.Q78E-03
-8.368E-04 -7.B36E-94 -9.740E-04 1.074€-03
~8.36AF-04 -7.B10E-01 -9.7H7t-04 1.97/5:-03
-8.385E-04 -7.hAB4E-04 -9.73i8E-04 1.073e-03
1@ -B.A4QLF-04 -B.374E-04 -7.647E-04 -9.744F-04 1.076L-03
11 -8.364E-94 -8.350E-04 -7.G34€-04 -9,710E-04 1.071€E-03
12 -8.3/2F-@1 -8.348E-04 -7.676F-04 -9.BGHE -94 1.@7%-03
13 -8.405E-¢4 -B.40ZE-04 -~7.7726-04 -9.7000-04 1.081E-03
14 -8.338F-04 -8.32¢ 24 -7.57Q7-¢* -S.E!7f-€4 1.087c-01
15 -8.374E-04 -8.387E-Q04 -7.755E-04 -9.614E-04 1.088€E-03
16 -8.358F-04 -B.374E-04 -7.750t-04 -9.G3EL-04 1.0B4E-03
V7 -8.3976-Q4 -9.370E-04 -7.74KE-04 -0.5IOE-04 1.084€-03
18 -8.23376-904 -8.374€-04 -7.71Bf-@4 -9.5007-04 1.0891.-03
19 -B8.3520-94 -0.3956E-04 -7,.73RE-04 -9.GIGE-v4 1.979€-03
20 -9.344F-04 -B.334E-08 -7.730L @4 -9.490F-94 1.@83C-03
21 -B.JISE-Q4 -8.354€-04 -7.594E-04 -9.61726-04 1.087€-03
27 -8.744E-04 -8.340t-04 -7.65GE-@4 -9.614(-04 1.0786-03
73 -8.305E-Q4 -B.295€6-04 -7.57P€-04 -9.RORE-04 1.977E-03
74 -B.300t-04 -8.288t-04 -7.560t-¢4 -9.674E-04 1.079¢-03
15 -B.312E-04 -B.Y9ILE-Q4 -7.G37€-C. 9.67¢C-24 1. OINE-03
26 -9.797F-064 -7 7Gic-04 -7.487t-04 -9.697F-04 1.0756-03
27 -8.348E-04 -7.S10£-04 -9.7%58E-04 1.000E-23

-8.3%72€-04
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L-04MAYTRNY

.6GGE- 04
.637€-04
.B78E-01
.716E-04
. 790¢.- 01
.839€ -04
.827E- 04
.902€-04
.918€E-Q4
.95G2E @4
-9Got - 04
.ORIE-D3
.Q10E-03
.BITr-23
.@18€-03
.QIRE-03
.Q34E- 03
.032€-03
.029€-03
.933E-03
.@37:-03
.@30t-03
.Q@73e-013
.Ql6E-03
.@A27€-03
LQ21E-03
-QZBF-03
.V32E-03
LQINE-03
.@75E-02
.934£-03

"

-7.2@4€-04
-7.1780 -9
-7.IRGE-Q4
-7.218£-04
-7.182E-04
-7.2386L-04
-7.252€-04
-7.240F-04
-7.268€E-04
-7.238E-04
-7.201€-04
-7.730F-01
-7.2072€-24
-7.746F - Q4
~7.282€-04
~7.264E-04
~7.216GE-04
-7.278E- 04
-7.188€-04
-7.38BF-04
-7.212€-04
~7.2128- 08
~7.220F-04
-7.197L-04
-7.724€-04
-7.192€-01
-7.24ARE- 94




28 -8.79Gf-04

23 -8.794r-04
30 -8.28bE-94
3t -8.340c-04

SCAN 12
b-1.BWE-V6
2 -4.800L-0G
3 -4.400F£-T6

4 -5.000r-00
S -7.020r-06

E ~5.8001 -6

7 -5.400¢-Q06
8 -7.020r-00G

3 -8.600F-08
12 -56.802L-0C
1 -8,
12 -6.400+-00
13 -1.99eF ¢S

14 -3.4007-0R
15 -1.40Q0C-06

16 -3.2007. @6
17 -3.90F-95
18 -8.000t-07
19 -65.Q00t-06
’e 1. 0008 -G
21 -6.849€-05
2?7  -7.000f -0k
13 -T7.A0E-26
24  -7.80vF - 06
25 -8.200F-06
6 -l

-8.276£-04 -7.44KF-04 -9.712E-04 1.9756-Q3 -7.1908-04
~-8.300:-04 -7.430L Q1 -9.7862F-04 1.0776-@3 -7.246t-04
-B.758€E-04 -7.48GE-Q4 -89.7S54E-04 t.Q8E-03 -7.22FE-01
-8.290¢-04 -7.4CGGE-04 -9.7/6[-04 1.0736-93 -7.197¢-04
AR RN R A A NN R R R R R N R A R R R R I R R R R N R A R NN N R NS R R RN R R RN RSN RYEREEE )
13 14 YAUCHAN TEACHNN ATHOS
VOLTAGE VAL TAGE PRESSURE

-B.022E-06 -1.240L-05 4.8S1E-22 1.2216-@3 406.63
-9.200t-06 -1.260t-0% 4.851t-07 1.2316-@3  40G.63
-9.402E-06 -1.0G9C-05 4.B843E-Q27 1.24/€-03 40L.63
-1.160K-04% -1.280t-00 4 850t -02 1.256F-03 406. 63
-1.760E-05 -1.500€-05 4.841E-02 1.257€-03 49G.53
-8.400F-0C -1.100t-0Q4 4.836F-07 1.251E-Q03 40R.63
-1.200E-@5 -1.429E-0F 4.B38E-02 1.250E- 03 J306.63
-1.3608 @5 -1.460L- 25 4.836f-@2 1.2576-03 40G.63
-1.,332-05 -1.6G0r -85 4.837¢-07 1.251€-03 196.63
-1.240t-05 -1.340:-95 4.83/€ @7 1.259E-03  40G.63
~1.0BRE-05 -t 140¢- 35 4.BABE- 07 1.264E-03 406.63
-1.18QE-05%  -1.340f wi 4_857F-@7 1.276E-03 406.63

-t 12e6-25 -1, 3220 @5 4.853€-02 1.2756-23 4QG.63
1.6 -0 -1.7008-0Y 4.847t -02 1.275F-23 40G.63
-B.EOE-Q6  ~1.1E9E-0S 4.847E-Q2 1.276E-03 495.63
-9.@20F-@C -1.160t- Q5 4.0450-02 1.781E-Q) 40%.63
-B.200C -96 -1.ePVM-Q% 4.852€- 07 1.283€E-93 4&26.63
~5.20M-06 -T7.0€¢0t- 0Of 4.049F - @2 1.288(-03 40L.63
~1.M50E-95 -1.740E-@5 4.834E-07 1.3076-23 105.63
4.0000 -27  -8.00C0t-@7 4.833F-W7 1.7998-@3  40G.63
-1.2R2€-05 -1, 38QE-35 4.835E-02 1.29/C-03 426.€2
-1.300F-9%  -1.G@VF-05 4.838:-02 1.797e-03  406.63
~1.380E-25 -1,380C-05 4.837€-02 1.311E-@3  426.53
-1.7202t-085 -1.540t-0% 4.836t-9@7 1.315F-23  A06. 63
-1.200€6-05  ~1.340€-05 4.834¢8--02 1.319£-03 40G.63
-1.700F-@%  -1.420F @5 4.8345-0@7 1.324E-03 400G.63
-1AG0E-05  -1,.7890 Q% 4.8368-02 1.3316-03  406.¢3
-1.440¢-0% -1.460[-05 4.8351 -07 1.3798-93 40G.%3
-1.300E- @5 -1.4G0c- @G 4.831€-@2 1.332€-03 406.63
-1.2497-Q%  -1.470% 05 4.874€-07 1.3386-03  40G.13
-1.360E-95 - 1.0LYf- 05 4.807F-02 1.3336-23 406.63

-5,

{QVE-VE

QoL - 00
27 -9.2020-C6
78 -8.802L Of
13 -5.2{0E-¢6
AQ  -5.4007 -00G
BO2E - OF

OIS LI LR R AN N TR PPN RN I SO TP RO ISR TSRS RURRBERENGIRSANOEIRRTOUR

TABLE B6 (CONTINUED)
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TABLE B7

EXAMPLE SCALED DATA FILE PRINTOUT

SYIBIBPSANNIRINRDESRGIPIE T RENBINPIRIFRNERNRSIRDEDIINS

’RUBE SCALED DATA FILF L-@4MAT7SCL
PR EC ORI NRABOPRNS PO RRSRATNRINREOREDRRSIRRNDRIERIRDIS
SCAN  PRODE 1 2 3 4 5
POSIY )
! 2.02 -1.070F-01  -1.Q0QL-0Z 1.269E401  -7.717F400 9. 75AE 10D
7 A0 -1.122€-01 5. 020 -03 1.2666001 -7, 1876100 9. DO4E 100
3 .20 -B.AGOE-07 -2.0QQ0F-03 1.7SRE1Q!  -7.182E400 0. ICTEIOR
4 .30 -9.8006-027 4.2006-03 1.26261@1  -7.249F 100 9.8240100
5 .80 -1.380¢-01 1.200F 07 1.264F1@1  -7.154F109 9.974£402
6 .59 -1.300E-0! 2.0006-03 1.272E+@1  ~7.198E100 9.476E 4100
7 .60 -1.1GRE-@1  -1.400t-07 1.266F101 -7.1G8E4102 1.004E 1@
8 10 -1.3296-Q) @. 2eIC 120 1.2GAEvQ1  -7.214F400 1. Q03611
9 .80 -1.220E-01  -2.720t-03 1.2708401 -7.278E400 1.004E 101
10 .90 -1.1GOE-Q) -2.¢7QC-03 1.2680@1 ~7.2Q5E10Q 1. 20HE+Q1
1 1.00 -1.1pes- 0! 7. 000F - 03 1.266E101  -7.204E4Q0 1.008( 01
12 1.10  -3.420c-07  -5.Q00E-03 1.26ZE4Q1  -7.3200+20 1.0V4E 421
13 1.20  -1.24QF-®) 1.200t - 07 1.27VE301  -7.2B6E10Q 1.0278101
14 1.30 -1.000E-01  -B.0Q0C -03 1.27@E @1 -7.214C 10O 1.0236401
15 1.40 -9.6Q¢E-02  ~1.200C- 7 1.27164@1  -7.24CE4¢0 1.027E101
16 1.S0  -7.4C0¢-02 5. 000E 03 1.7G4E+@1  -7.258E130 1.074€101
17 1.62 -9.200E-07 -6.000f-23 1.271E101  -7.277E400 1.043E401
18 1.7¢  -8.4C0E-07 1.400C - €2 1.769E@1  -7.225C100 1.2410101
19 1.80  -1.700E-07 -2.000t @3 1.263F101  -7.3@8E100 1.030E 101
20 1.90 -S.GIVE-92  -~2.00QE-23 1.25961@1  ~7.304E 1020 1.239€10)
21 2.80 -1.00%¢ 27 I . BODE - 07 1.264E101  -7.3300102 1.9396101
72 7.10  -1.0Q0 @1 -~7.000E-03 1.273E401  -7.208E 100 1.0100 +@)
23 2.20  -1.340E-% 1. AQUE - 07 1.2668E1@1  -7.196L 100 1.037L101
24 2.30  -1.070:-0! -2.009t-03 1.26981@1 -7.Z12E402 1.@36F 101
25 2.40  -1.290E-0@! 1.E0QE - €7 1.255E4+@1  -7.7Q4E 400 1.@35E£491
76 2520 -1.120E-@1  -8.000¢ 23 1.267L101 -7.2030 102 1.037€ 01
17 .50  ~1.120E-01  -1.3%9E- 02 1.20GF 401 -7, 320L 120 1.237€+01
28 .70  -1.400¢-21  ~2,000i-07 1.268E40)  -7.ZS0F +00 1.045¢ 1Q1 3
79 2.6 -1.08Q5-01 ~4.000E-03 1.2580101  -7.974E190 1. 345611
30 2.90  -1.320t- @1 ?.002t 103 1.26/6181 -7.944L400 }.936E 101
3 3.00  -1.1706-01  -8.20¢0-03 1.2G9€+01  -7.9B1€+00 1,450 101
EE R R R R R S A R A R E R R R R R N R A S R X R R R R R AR R R R RN RN R AR AR AN R AR EA RS RN NN )
SCAN B 7 ] 1 10 "

t -0, 1¢0 -H.I636100  ~7.6320100  -9.406L102 1.0872101  -7.107E400
2 -B.274C20 -B.784E4Q0 -7.COBLIRP -9.492€120 1.0900401  -7.06GE4+0Q
3 -8.2R2F100 -8.767E4@2 -~7.G4CE'MO -9.56UE102 1.@37e4101  -7.107¢ 400
4 -8.249E+00 -8.254E+00 -7.S8RE1QD -9.5721E100 1.€85E4@1 -7.120E40C
S -B.276H403 -B.74BE+Q0 -7.5M4E+QC -3.5428402 1.081E40Q1 -7.QABE4QY
B -R.Z48E1¢0 -8.24BL1G0 ~T.SIBEIOQ -9.605C 100 1.Q992E101  -7.1¢A 400
7 -8.270t100 -8.257E4Q0 -~7.570t1Q0 -9.624(109 1. @35E101  -7.1361 +¢
8 -0.746C100 -8.2350+00 -~7.478L100 -9.6S0LI00 1.Q8C0E+D1  -7.1938€+00
9 -8.268L400 -8.2G4E4100 ~7.5G2F103 -9.6IGL1QD 1.084E Q1  -7.1456L4Q0
10 -8.29CC 0 -0.250E400 -7.575E+20 -9.67BLCQ 1.086CHQY  -T7.127E300
11 -B.246E1Q2 -0.237€4193 -T7.516E100 -9.S0/E409 1.0330401  -7.06001@2
12 -8.3380100 -8.314E100 ~7.64Z2E400 -9.63304100 1.Q9/8E401 7. 19GF +20
13 -B.282E4QG -0.2780400 -7.590F102 -3.5/40+00 1.0930401  -7.14BE402
14 -8.2350100 -8.Z49C:20 -7.000E+20 -9.512E+20 1.9976401 -T7.146C100
IS -8.278L1@% -8.286'10¢ -~7.670L120 -9.57272£400 1.037/E4@1  -7.1861 100
16 -9.2840:120 -8.3¢0£+00 -7.684C+20 -9.550L90 1.091€121  -T7.190E+09
17 -H.300L 100 -B.278E400 -7.6LAE4DD  -9.570L+e@ 1.033101 -7.134210C
18 -8.2130100 -8.240£+00 ~7.634C100 -9.4H5E100 1.038E 101 -7.194E4100
19 -N,.3407407 -8.344E+00 -~7.776E400 -9.60/E400 1.08Q64101  -7.1761 100 .
20 -B.7283C130 -8.270F100 -~7.000F10Q0 -9.442E420 1.934E+@1  -7.332€EC0
2t -8.3L6F100 -8.334E403 -7.674E4QD  -9.507F 400 1.904E101 -7 178400
77 - lavied cH.Le0p 00 -1 LBLE R -9 S1aF 0y J.O0bE@) -7 11{E100
23 -8.172F1¢¢ -8.152:10D -7.434E400 -9.AT77E4Q0 1.95QF401  -7.00LL 100
24 -8.1Y86102 -8.10GE1QQ -7.453E1¢0  -9.577E+0D 1.983€+21  -7.099€+00
25 -4.1BAEY®® -B.16BL1IQD -7.4Q4t109 -9.547E100 1.008L 181 -7.0B3GE102
26 8. 1000100 -B.1/0E100 -7.3106100  -9.530E100 1.Q0RE+Q1 - 7.0800+00
27 -8.7220t410) -8.216E100 -7.3498L1Q% -9.0ACLQC 1.001E4@1  -7.1340102
20 -B.I1SEEI0Q -BLISGEID0  -7.50LE10D  -9.5772€100 1.089€4d1  -7.0520 100
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TABLE B7 (CONTINUED)

29 -8.18GL100 -B.197Lt0D
30 -8.154E4+30 -B.156FAQ0
3 -8.228t40¢ -B.178L 102

SCAN 12 13
1 8. 109t - 07 2.724€E-02
2 6.423-@2 7.002t -7
3 4.2006-07 - 1.¢D0r-02
1 4.@QDVE-07 -1.803F @7
5 6.420C- 07 8.0228 03
6 8. 00T - 07 5.407%- 07
7 6.200E-02 -4.0CQE-03
8 6.200F-¢¢r -4.000t-03
9 3.520E-@2 - 1.G2E-02
1¢  4.800L-07 -9.023F-03
i 3.15€06- 22 1.2Q0C-02
12 -3.022L-Q0r -8.400L-02
13 1.6¢0C -2 1.2¥0E-02
14 6.6C0i-02 -6.000F-03
15 8.72%6-97 3.0008 - 22
16 4.4220- 27 -1.600t- Q7
17 5. 400 - 92 I.0Q0t- 07
18 7.6Q00L-¢7 3.7008 €7
19 -4.00%E-0Z -9.400L-07
70 6.500t-97 6.002F- 02
21 -4 .BROE-Q7  -1.060E-91
22 3.000f-¢7 -3.00¢E-07
23 6.000t-07 -4.00%. 03
74 7.A0QC-07 -1.8B2CFE-07
25 A4.6Q2L-02 0. 222t 109
6 S.RAOOE-82  ~1.600E-92
27 2. 7 -3.Amet-er

0 B IO -22 -4, 30vE-03
79 S5.600L -27 -7.700t-02
30 7.UCRE- D7 8.¢C2L - 03

-7.3720100 -9.67454€2  1.98004Q1 -7.1380122
~7.354E100  -9.BII0+20  1.Q316101  -7.231E100
~7.3L4E40C  -9D.6GAL400  1.@BAEIQ] -7.QHOF 10D
(AR AR R R RN N R R RN N N R R R R R N R R R S R N R R R N RN N AN RN RN RN SRR AR RN AR RYN]
14 YAY NP ATHOS
DEG {R) FRESS
-2.000-03  4.B51E40) 5. 3576407 ACR.53
-1.400L-02  4.BLIE+Q1 53600402 426.63
-2.2Q7E-07  4.849T+@1  S.3USEIIZ  496.63
-3.0006-07  4.850710)  5.3C0 407 426.61
-1.600E-07  A.G41F+@1  S.3K9EI6Z  4DE.6I
2.8C0H-@7  4.830F1061  5.3G/LI0Z 40C.63
-2.5000-07  4.8386)01  5.3GEEVO7  ACR.L3
-1.4026-07  4.83BL401  5.359F +@7 40G.53
-A.ADSE-07  4.837E101  5.368FIB?  406.63
-1.900L-07  4.83764@1  S.3EYEIET  40H.GY
4.CQRE-¥3  4.8IGEIO1  S.37IEHQ?  4RG.63
-1.9000-01  4.82F101  5.3/5E407 A25.63
-B.000E-03  4.Yn3ENB1  5.379E+07  £QU.63
-2.030E- 0/ A.BATEYO)  6.3VLEYO7  A05.b3
S1.A226-07  ALBA/ENDL 5.3/S(107 A0G.63
-4.202% 97 4.0450101  5.377L407  4P6.E6)
-R.BO0T-03  4.050E1DT S.37ME'07 4AD.63
1.4C0F- 07 4.813010)  5.379E4GT  40G.G3
S1.1200-81  4.834F 101 S.JBAEIUZ  40E.53
4.900E-07  4.033F101 5.383F+07 405.€3
S1IGRE- @1 4.92R0HR1 53826007 406.53
-E.Q20t-07  4.83UE401  5.382F107 42G.G3
-4.Q2%%-03  4.837E101  5.387E407  400.6)
-5.7C0E- 02  4.BANEI01  S.390€107 186.63
-6.0PRE-03  4.8340401  5.390€107 42C.C3
3000 -07  4.82801@1 S.381E4Q7  4€G.63
-6.E02L-07  4.8361101  5.334E107  106.5)
-6.000E-03  4.4350+@)  5.393[:07 426.63
-3.8@CC ©Z A4.82111@1  5.394L+@2 ABG.63
1.0006 92 A.824€1Q1  S.3DBEDZ  4U5.63
-4.4900-07 4.B77E4@1  5.39Lt407 4Q5.63

kAl 4.E000-07  -2.400t-07

[ R R R NN S R RN R AN RN AR N R R R R AR N R RN R R NN R R RN A R A R N RN RS N
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TABLE B8

REFERENCE BLADE REDUCED DATA FILE PRINTOUT--UPSTREAM

LRy Ny T Y N Ny SN YR YN Y]
FILE L-@1MAYICALC

SRR R FF N AR BRI T A RIBB RTINS NUBORRETIREIRNENDS

IR R N AR N N R RN N R N R R N I E NN R RN N AR Y N RN RN AR N RN R AN R R R NN RN |

SCAN  PPH BETA 6AMIA Pit] Xvel Xref
POSIT
i 2.90 4.331€-07 1.07RE- 0 -7.371E-23 1.1Q3F-01 9.351E-02
2 10 4.31472€-02 1.94726-M B.104E-22 1.1045- 0} 9. 240F- @7
3 134 4.38¢€-9/ 1.Q62E @t -93.131E-03 1.1030- ot 9.311L-02
4 30 4, 3808 - 07 1.0726-0) ~9.773€-03 t.104f - 01 9.4750-07
5 a9 4,362 -42 1.127e-01 -1.25%0t- @2 1. 106L - o 3.3371-@7
6 514 4.374€-07 1.180t o1 ~1.623E-02 1.1076-1 9. 35%E-Q7
7 .60 4.397E-02 1,150t o1 -1.3980-@7 .ot ot 9. 310¢ @7
8 70 4.306E-@7 1.184E-0) -1.61u€-07 i.183E-21 9. 330¢-02
a9 .80 4.3493K-97 1.1226-01 -1.2442-07 1.110E-0) 9.3%4E @2
10 .ye 4.404E-Q2 1. 145€E- 21 -1.3720-92 1.112¢-01 9.310¢-07
" 1.00 4.33€E- 02 1.123-M0 -1. 305t -02 LIHE-0 9.3388-02
12 1o 4.1003E- 02 t.enat ol ~1LeME-07 1.113E-01 9.373F-07
t3 1.2¢ 4.439E W7 1.e600- 01 -9.447¢-@) 1,117 01 9. 3061 0
ta 1,36 4.431t-07 1.941F -1 ST UNBE - 03 1.1I6E-@1 9.1 -7
e 1.40 4.44,00-07 9.9092¢ - 0! “H.0AA5- Q4 1.119L- Q1 9. 3,000 %2
16 1.50 4.4456-97 t.ai4c- Q! 6.344f-9]3 [ I 3 9. 1301 -@7
17 1.62 4.480L -0z 1.OCIE- M ~5.6L7E- @3 1.124E- 01 9.3L,0 9¢
10 .70 4.4728-92 .87 3¢ W7 -8.B%3E-0) F.123E-01 9.2510-07
19 V.69 4.4728-0¢ 1.02/6-@) -G.011E-0) 1,122 01 9.3777/¢-@7
1@ 1.90 4.477E-07 9.43/€-22 -2.551E-03 1. 1Z4€E-@1 9.3i1z¢-67
2 2.00 4.437€- 07 t.024E- 01 -6.9¢3t-03 1,125 -01 9.33E @/
22 2.1@ 4.4/¢6-@2 1.0%0E-01 -8.3778-03 1.1216-91 9. 305F @7
23 ki 4.441F O/ 1.067F 1 -9.3%7t- 03 1.1186-01 9.348E W7
24 7. 30 4.14%L- 07 1.1300-98 -1.3330-02 1.110E- Q1 9. 343 -92
25 2.47 A4.4472E-07 1.154¢ - 0! -1.41E1 -0¢ t.neL et 3.3448 2/
7 2.5 A.437€-07 1.19%F 01 -1.88/70-02 1.1850- @) 9.3430 ¢2
27 7.62 4.452¢-07 1.72e%- -1.719¢-07 1.4118E O 9.34¢¢ -@7
2y 2.0 4. 3L - 02 1.218E- @) 1. i7E-@7 1.118C- @! 9.21710-07
73 .89 4.470 - @2 P.ZR?E- @1 -2.0150-07 1. 119E- 01 9.348c @7
19 2.0 4.003 -7 1.221€- M -1.80uE-02 1.11HE-O1 q.347C-07
n 3.00 4.472¢ @7 §.739F @4 -1.88u0 o7 1.119E- @1 9.351F-07

T ES B IS RIS EE R I RN IS I N DI FECI BB NI IS RGN RO NI NSRS EN NIRRT IIRDERIEBASNISOITIROIOTY

scnN vel Vrefl Q Q0 ef MACH Ynu
LB
{ 7.71980 107 7.300000 1,778y 1.2050 101 2.M97°E ) 4,050
z .00 12 z.3vet1¢7 e al 1.2L3F40 2.4350 o1 4,950
3 7.8021072 T.3648092 1719701 L7910t 2.40F-21 A uner ol
a B CY Z.3uGive? 1.7276 01 1.2488101 2.402F Q) 4.085.01C)
S 7.809E 107 2.370612 11296 D 1,250 Z.aunl -1 4. 0360
6 2.8118107 Z2.37E002 LR YA RE ] ] 1.25801Q1 2.430E Ot 4.041H4Q1
7 7. 810K 02 Z.3700@2 1700y 1.2030101 2.497C-1 1.80830M
a 2. 8inper 2.3/ @2 1.737e 1010 1.2%06 101 2.494% -1 4.0430 '
9 2.82¢E9107 1.3/vF 02 f.74300) 1.756E101 Z.49RE- 01 1.84:001
19 1.873 17 2.3/4407 177478401 1. 255F 1@ 2.501L-01 4.042L401
\A 2.N1718107 .37 1.7946 1L7S704 20 Ao 4.841F10)
L 28201 102 2. 3BT 407 1ot 1,244 101 2.504C- 21 4.0%7/L191
13 20307 2.3/ 02 1,761+ V. 2576008 Z.511E- &1 A anuet
ta .83 +@2 2.3 07 F.IRZE 108 1.2561 Q1 2.51z2¢-@1 4.0%70101
19 7.8450 407 7.379:9107 1.7026) 12570101 2.5197 -01 1. 0701401
16 2.8430 10/ 2.3/181€2 LI B IR R ] 1.2%e5 401 2.51/t- 01 4.8,00 100
17 2.0%3r107 2.379002 fommo 1.25C01 2.57°08-01 4. et
18 Z.8BH7 07 2.3778 107 1.7878121 V.20 7.976x @) 4,050 020
[R] TNTN 7 2.377¢102 oy 1.249001 2.0%E O A.83N0101
0 7.85%01 107 2.3000 000 1700 e 1.7457 491 ?7.57HF- @1 4.83870 121
71 2.0500 107 Z.573407 F.7000 v [ e ) ]| 7.931€-01V A.0411 103
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21 Z7.85¢E107
] 2.0448407
24 Z.¥43E4+002
75 2.881E1407
LR 1.836E10@7
77 Z.8458 107
8 2.4461 197
Z9 2.813¢ 07
je 1.2416107
31 2.849r 10/

B E AN I TENDE R IV INIENRRIDYIRNINCET Y

GeAN Fref PL/Q ef
| 2.3z7290-m
s 2.283 -1
3 2.267F-@!
L] 2.241L @1
S 2.174F @1
6 Z2.1796-@1
7 72.947 @
8 2.037 M
bl Z2.1190 &1

19 2.0 @1
1B 2.0 0
12 7.064 ¢t
13 1.7 -1
14 1. 960 - Ot
15 1.933¢ -0t
16 1.320t ™
17 1.8147-
18 1.821- 91
19 1. 838 -9)
rg:] 1.76h1 -y
Z1 (70 2
2?7 1.8528 @t
23 F.OAE @1
rgl 1.8947 -1
5 1.0839% -1
ras V.87t -0
7 1.83720 N
/8 1.777450 91
29 1.7 @4
e 1.823 o
31 1.9 - 01

TABLE B8 (CONTINUED)

7.385102
2.3/4F402
2.37495002
2.3/9F 00
2.379Ev02
2.3uF 102
7.37200v02
.38k 107
7.31401102
2.3818107

v
1 /QUE100
1.Q1Qr 42D
1.6290420
1.¢10£1¢9
1.0:00 100
1.010L102
1.010F 100
1.01Q2:100
F.@10E e
1.a1gn Qe
1.010€+20
1.0101 12
t.e1o0:20
t.Q1et e
1.Q180 120
.10 1@
1.Q12£120
1.010t 102
L0120 100
1.0VB 00
1.O10r 100
1.0101 107
1.0125120
1,010 00
1.010L 100
1.010t 102
1.0120100
.10 100
1.210020
1.01061 000
1.212€ 100

1.7796 401
£.7670100
1.7565101
1.7630 121
VL7970 20
1.7600 120
1.7660 01
1.770000i
LY Rt}
122220400

1
!
!
!
|
!
1
1
'
1

AN NE/ )]
L285E10
L25NE L
LIS1EQY

LAt

.252e101
.254C01
L2550 1@1
L2027 v
L7HS0 4R

NN NRNNRNNNNN N

.S24E-08
5150 o
LSI6E-01
L5178-01
LCQUE- 01
.616E-01
SR -8
Bk o1
.SV -1
.S18E-01

4.8436 M
4.842€ 101
4. 8417101
4.B34E101
4.849F0 101
4.841E104
4. 210601
4.830E+01
4.429010)
4.8276101

(R RN RN RN Y N R R AN N R Y N R RN N

Ire
1.177612Q
t.17%0000
1.17200100
Vo7 ee?
1.176L 100
LI RrA S o X7 ad
F.181F 120
1.8
11908420
1107840
1.8 e
1.18/8 000
t.100800
118771100
t.1ue e
101978 0000
LI R L A Eet)
1194400
1.1970v20
P.oont e
1.19°¢c 422
TUIME QD
1.1830120
1.10070 v000
11900 120
1.18/0102
1.1317 400
torgeren
1 191022
1.1gaie
1.191F£4¢0

AR A R R R Y N R R N N RN N N N Y R S R R SR R RS R R ]

FNSEADLE AVEIYILS

FI'RYG PanvG,
V.16 N800 AR, B3R 100
munRer TEMPSINTAVD
1.72{0¢ 05 9.331007

Ri.YNOLDYG ND
TR 195

rempenys
%37.92

XEiL) AVG
9.37E-02

VREFAYG
2.30002

L N R N Y N AN Y S N RN YN Y]

91

Qnerave
¥.253E+00




TABLE B9

REFERENCE BLADE REDUCED DATA FILE PRINTOUT--DOWNSTREAM

FILE U-@1JUNCALC

SERBPNORAINDRGPOENNINRRRBIARBENGNIERSIRIROREY

SRR ESANSRBSUUSRIBVRNNSRNSARQITNDRNRTDEEUNOOIRRERUENRRRDENEENERRIRVIROIIBIEINRIRRY

SCAN  PRB BETA GAMMN PHI Xvel Xref
POSIT

1 -3.00 2.725€E-02 6.931E-02 5.347€-03 8.626E-02 9.362E-02
2z -2.90 Z.7T11E-0Q7 T.275E-02 3.890E-03 8.60Q4E- 02 9. 340t-02

3 -2.70 2.692E-02 T7.184E-02 4.334E-03 8.575E-02 9.349E-02
4 -2.69 2.673€-02 7.328€E-02 3.587E-03 8.544E-07 9.351E-02
S -2.50 1.627€E-02 7.625E-02 2.043E-03 8.470E-02 9.361E-07
] -2.40 Z.554€-07 7.661€-02 1.820c-03 8.353e-02 8.318E-02
7 -2.30 2.483E-02 7.344E-07 3.401E-03 B.238E-92 9. 320E-02
8 -2.29 2.355€-22 7.754E-02 1.317€-03 8.028E- 02 9. 32QE-02
9 -2.10 7.215€E-02 B8.341€-02 -1.638E-03 7.793E-02 9.332€-02
114 -7.00 2.044E-02 8.770E-22 -3.765€-03 7.496E- 92 9.315E-07
(B -1.90 1.9@Q5E-02 8.460E-02 -2.107E-03 7.246E-07 9.327e-02
12 -1.80 1.782€-0@2 8.272E-027 -6.261E-03 7.014E-92 8.331E-02
13 -1.70 1.640E-@2 8.851E-02 -4.075E-03 6.735E-02 9.306E-02
14 -1.60 1.552€-07 B8.765E-07 -3.656GE-03 6.557€-@2 §.307€-02
15 -1.50 1.4B4€E-02 9.438E-07 -7.224"7-03 6.40%E-027 9.320E-02
i6 -1.40 1.493E-0Q2 8.893E- 02 -4.365E-03 6.431E-02 9.317E-02
17 -V 0 1.530€-02 8.422€E-02 ~1.880E-03 6.511E-02 9.315E-02
18 -1.20 1.619E-02 9.626E-02 -8.120e-03 6.691E-0@2 9.320E-02
13 -1.10 1.764E-02 8.735E-02 -3.7865-03 6.980QE-02 9.324E-07
9 -1.00 1.936€E-07 8.596E-02 -2.821E-03 7.303E-027 9.314E-07
ral ~.90 2.039E-02 8.377E-02 -1.777E-03 7.593E-02 9.344E-02
22 -.80 Z7.254E-02 7.873E-02 7.331€-04 7.860QE-02 9.312E-02
23 -0 2.345E-@2 7.643E-92 1.8063E-03 8.012E-02 9.33E-02
24 -.bo 2.4721E-02 7.515E-02 Z.525E-03 8.137e-02 9.337€-02
z5 -.52 2.480€-02 7.390E-02 3.1E9E-03 8.234E-02 9.323E-02
76 -.49 Z2.510E-02 7.337E-02 3.142€E-03 8.281E-Q2 9.316€E-02
z7 -.3 2.523E-02 7.659€-02 1.814E-@3 8.304€-02 9.316E-@2
78 -.29 2.53BE-02 7.453€-02 7.814E-23 8.327e-02 9.299E-02
29 -.10 2.529E-92 7.450E-@27 1.878E-03 8.314E-02 9.374€-02
3o .29 2.539E-0Q2 7.686E-02 1.686E-03 8.329€E-07 9.297€-027
31 10 7.540€E-0Q2 7.476E-02 2.751€E-03 8.331E-0@2 9.331E-@2
3z .20 Z.540E-02 7.305E-02 3.621E-03 8.331E-07 9.313€-02
33 .30 Z7.536E-07 7.505€-02 71.600£-03 8.325E-Q2 9.317E-07
34 .49 7.529€-02 7.483E-02 2.681E-03 B.313E-0Q2 9.316E-92
35 .50 2.493e-02 7.Q99€E-02 4.651F 03 8.755E-92 9.3727E-02
36 .65 2.439€-02 6.593€-02 7.2V @3 8.167E-0@2 9.315E-02
37 .60 21.428E-0Q2 7.325E-02 3.44:t 03 8.149E-02 9.318E-02
38 .65 2.365E-02 7.677E-02 1.707€-03 8.045E-02 9.307E-02
39 .70 7.370€-02 7.416E-9@2 3.030¢-03 8.054E- 02 9.3zZ4€-02
40 .75 2.255E-97 7.531E-02 Z.167€-03 7.881E-@2 9.349E-02
41 .80 2.7277€-02 7.5857E-02 2.353E-03 7.815E-02 9.325k-02
42 .85 Z.146E-02 8.119€-02 -4.807E-04 7.675E-02 8.729QE-07
43 .90 2.069€-02 B8.125€-02 -4.702E-04 7.542E-02 9.294E-07
44 .95 2.024€E-02 8.239€-07 -1.037E-03 7.4B1E-02 8.330E-02
45 1.00 1.945€-02 8.604E-02 -2.866E-03 7.319€-02 9.336E-@2
46 1.05 1.862E-02 8.584E-02 -2.727€-@3 7.165E-02 9.29%7E-02
a7 1.19 §.795E-02 8.423E-02 -1.8772€E-03 T7.040£-02 9. 307E-@2
48 1.15 1.719€-Q2 9.197€- 02 -5.860E-03 6.891E-07 9. 302E-07
a9 1.20 1.680QE-02 3.410€-02 -6.977€-03 6.8915E-02 9.331E-02
50 1.25 t.635E- 02 9.322€-02 -6.530E-93 6.723E-02 9.332E-02
5t 1.30 1.569E-02 9.685E-02 -8.452E-03 6.589E-02 9.30BE-02
52 1.35 1.531€E-02 9.202€-02 -5.948E-03 6.511E-02 9.307¢-02
€3 1.40 1.500E-07 9.293%E-02 -6.402€-03 6.444E-02 9.323E-0z
54 1.45 1.485E-02 9.626E-02 -8.708E-03 6.410E-02 9.326E-02
55 1.50 1.460E- 07 9.295E-02 -6.495E-03 6.358E-02 9.319€-02
56 1.55 1.470¢E- @2 9.590¢€-02 -8.032€-01 6.38QE-07 9.321E- @2
57 1.60 1.48%E-07 9.429E-07 -7.174€-03 6.412E-02 9.322E-07
ro Ve [ TR T b a nrac.m? -0 JoAF.-m1 C ATIC.MY o 100r A
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TABLE B9 (CONTINUED)

.534E- 02
. 609E - 92
.654 -92
CTVVE- Q2
.7B3E-07
.833E-02
.984E-07
.70t - 81
. 153E-02
LIS1E-@2
.318€-02
. 383E- @2
.422€-02
.520E-02
.594E-02
.B17E-Q2
.B36E-0@2
.655E- 02
.655E - 02
.663E-02

DY JdANYUdY DX NOMBDWOSBSWWW

.287E- 07 -6.365E-03
.657¢-02 -8.284E-03
.BZ1E-@2 -8.082c-03
.6A0E- 01 -d. 1678 -03
.218E-02 -5.981E-@3
.2Q4E-02 -5.938€-03
.947€- 07 -4.647E-03
. 358E- @2 -1.662¢-03
.476E-07 -2.305€-03
.336E-017 -1.675€-03
.273E-07 -1.3196-03
. 1Q5E-02 -4.692E-04
.654E-02 1.87QE-03
.6S3E- @7 1.846E-03
. 445E-02 2.935E-03
.489E-017 2.774¢E-03
. 560t -7 2.382E-03
.486E- 07 2.777E-03
.B864E-07 8.51ZE-04
. 146E-Q2 -5.699E-04

-0 - .- B BEN RS BEN RS BESEES BENEY. I B« - 2]

.S16E-@2
670E-02
762E- @2
.B74E-02
.O14E-02
L123E-02
.389€-02
543E-02
.687E- 02
.853E-02
.968E-@2
.@B4E-02
. 138E-02
.798€-02
.418E-92
.854E-02
.485€- 02
.516t- 02
.515€-07
.518E-02

0O WWWWWwWY WML PWWWWWwWwWwwo

. JO6E - 07
.237€-02
. J03E-07
. 307E-02
.280E-02
L311E-02
. 302E-@2
.313E-02
.319¢e-02
.2137¢e-02
. J06E- 02
.318E-02
.379E-0Q2
.302¢e- 02
.297E-02
.378E-07
.3J6E-@7
. 306€ - 02
.3ee-02
. 308E-02

L R Ny Ry Y Y R R R NN RN

SCAN

W NmU A WN -

Vel

P T e N Y B I Lt L)

- NAINANN NN RN RNNN NN N

. 18BE+Q2
. 183€1402
. 175E102
. I67E 07
.147e402
.117E4Q2
.@BBE+Q7
L@34E -2
.975E @2
.3Q2E1 02
.836E+07
LITTESD?
. TR3E+Q2
.66EBE 107
.628E41Q2
.631E+02
.654E40Q2
. TOQE+02
.T74E402
. 856E+07
.930€402
.998E+07

@36E+Q2

.@6IE+ 7
.Q94E102
. 1Q6E+02
LN17E102
L 11BE@2
. HI5E4Q2
L118E4@2
L119E497
LII0EQ2
.11BE+Q2
VISE07
. 1OOE1 02
.Q78E 402
.Q73E407
.0470+@2
.Q50E 102
.QACE1 Q2

Qanr s o7

Vref

. 37S5E402
L37QE+Q2
L37ZE4Q2
.372E102
.373E402
.361E+ @2
.362E1+0@2
.3676Ev 02
. 36SE 102
.361E402
. 3638402
.364E4@2
.362€402
. 364E @2
. 368E4Q2
. 3BTE+ Q7
. 366E 402
. 368E 102
.369E102
.367E102
. 3758102
.367€E4102
L3TtE402
. J74L+@2
ITEQZ
. I6IE1 02
.370E402
. 365E 402
3728402
.365£402
.374E402
. J69E+ 02
L3T0E02
LITNENQ?
. 3736192
L370E4+02
C37EQ2
L3IGIE Q2
3730002

379E407
CXTRFA

NN NMNRNANNMNRNANMNANANN NN MNNRMNARNRONNRONMRRNRMN RGN N NN R

[~}

.QENE+ Q1
LQB3E+Q)
.@55€ 101
.QABE+Q)
.Q29€401
LQOIE+DI
7336407
.235E402
.TQIE+2D
.QABE 102
S17E+0D
.@39€102
.490E 100
. 143E+00
.873E400
L913E400
.062E+00
.AQZE+00
.871E400
.G3GE1Q0
.250E 100
.B53E102
.292€100
.A9GE 00
.TZAE+QD
.83BE+00
.B91E100
.948E 400
.316E+02
.953E+100
.956E100
.958E @0
.947E 100
.915E:100
LT7764100
.567E+00
.523E400
.181E10Q0
LIONEL0D

. B50F +00
LTHAF 100

VW VWUV ODODLOUVWOWRWWOCWODIOODNANNUNMANTDOOWW = = e = o =

93

Qref

.Z61E1Q1
. Z55E491
. 257401
.258E4101
.ZBQE+Q!
.249E+0}
.Z49E+ 01
.249E+01
L2538+ 01
.248E4+Q)
L251E4Q1
L252E+01
-ZABE+QI
.Z246E+0Q1
.249E401
. 24BE4 Q1
.ZABEA Q!
.249E1401
-250E401
.Z4BE4QI
. Z56E 101
L24T7E+0Q1
.2S2E 401
.254E401
L259E40)
L2186+ 01
.Z4BE+ QL
L244E101
. 2508491
.243E4 01
.252E14Q1
L2A7E4 01
.24BE+Q!
.248E+01
LISIE4 QL
.Z4BE1 Q1
.ZA9E4 01
.245E101
. Z50E401

L257E01
254

——— ot = g M e S e o we P e . e T am  on s e - e NS e an T e b s o e AP e S oo A u ==

MACH

{.936E-0@1
1.931E-01
1.924€-0t
1.917E-01
1.901E-0@1
1.874E-01
1.848E-01
1.801E-01
1.748E- 01
1.6BIE-0O!
1.625€E-01
1.572E-01
1.510E-01
1.4B6%E-0@1
1.43GE-01
1.441E-01
1.459€-01
1.439€-01
1.565€E-01
1.637E- 01
1.703E-01
1.763E-01
1.737€- 01
1.826E-0!
t.847€- @1
1.8SBE-0O!
1.B63E-921
1.868E-01
t.865€-01
t.8693€E- 01
1.869E-01
1.B863E-0!
1.868€-01
1.B65E-01
1.852€-01
1.832¢ Q!
1.828E-01
1.805E-01
1.BO7E-O!

1.763E-0Q!
I 753F-Mm

Yau

DEG

.687E+QQ
.833E+00
- 822E 100
.S10E+Q0
. 3326400
.I53E+00
. 137€400
.QZ29E+00
. 75GE+02
.6?ZE10Q
.GI8E +2Q
.6QIE+@D
.SBEE+QQ
.858E+20
. 135E1@2
.537E+00
.656E 100
.9Q4E+20
. 177E400
.3Q1E100
.282E402
. 176E+09
. 152E100
. 171E4Q0
. 325E400
.907E400
.BSSE400
.76QE+@0
.T67E400
LT77E4Q0
.6136402
.B43€4@Q
.613E+00
.2B4E Q0
. Z65E 100
LT2IEQQ
.1z2ec 00
LNISE4Q0
.989E 100

.T22E4QQ
AGIE s

-—m RN NN NN RNRNNN RN NG G N W N NR N o o e NN RN AR




1.954F 407
1.920E402
1.3006+02
1.964E407
1.825€+02
1.793e+02
1.756E+@2
V. 736E4102
§.71264Q2
1.679E402
1.659E 402
1.642E40Q2
1.633E40@2
§.B20E 107
1.625E+02
1.633E+@2
1.6387 +@2
|.66QE+02
1.699E +22
1.7238402
1.751E102
1./87€6492
1. BARPE+Q?
1.882E402
1.921E40Q2
1.958E+02
7.000E102
2.928E+07
2.@53€402
2.072€1402
2.1136+02
2.14°¢ @7
2.1531102
Z.161E+@7
z.16e0.07
7.160E+0Q7
2.172E+Q2

TABLE B9 (CONTINUED)

7.365E402
Z.367€4@2
7 376E+02
1.377€402
2.360E107
2.371E402
2.370E+02
2.377€102
2.377€102
7.371E402
7.371E402
2.3756402
7.376E102
2.371E402
z.374€v02
2.375€402
2. 36964027
7.371E402
7. 369€+02
7.370€402
7.371E102
2.364E102
2.372€E+02
7.370E402
7.377€402
7.370E402
2.368E+Q?
2.370E102
2.373E402
7. 3756402
2.369E102
7.368E102
1.375E102
2.375E407
7.370E402
2.371€402
7. 370E402

- e e = S~ QL OVUVUUWOOIDNNNANNATNNNARNRNNDACI A ~Nd D D

LA41E 100

.14BE+QQ

.974E+00

.BET71E+00

. 3J43E+00
.Q94E +00
.7195E 100

.B4%E Q0
JABTEICQ

.Z10E400
.OG4E+ 00
L9408 ' 20
.876c @2

T81EQ0

.B70E+00

.BT79F 42D
.9Q7E+00
LQ73E400

.363E400

L541E400

.759E1002

.Q40E 100
.AB7E+@2
.B15F 4120

.147E+0Q

.4BAE Q0

.BI7E1Q0

.Q98E +00

.368E 20

.496E +00

.876E+00

L@I7E+ Q!

.QZ6E+ O
933+
LQA1E4)
L@ATE+Q!
.Q44E+01

1.241E+Q)
1.242€401
1.252€+@1
1.254E4101
1,742 &
1.2ABE4L!
t.245E+01
1.252E+0!
1.253E+2!
1.246E+01
1.246E401
1.250E+Q1
1.251E+01
1.249€+01
1.25eE+0t
1.250E101
1.243€401
1.246E+401
1.243E+01
'.
1
1
!
!
[
|
i
!
1
1
!
1
i
|
1
{
!

245E101

.Z46E+Q1
.238€+01
-247€40t
.245E4 01
LR
.ZA9E4 Q)
-243E401
LZAGE !
.249E+01
.252€+Q1
.24SE101
L 2438401
. 25QE401
L251E401
.246E101
.24 7E401
.2ARE+ O

1.721€-01
1.631E-01F
1.673E-01
| G41E-01
1.6@6E-01
t 57B8E-0!
\ S44E-01
1.977E-01
1.507E-0@!
1.476E-01
1.453E-Q1
1.444E-01
1.436E-01!
1.425E-01
1.429€-01
1.437E-0t
1.440€- 01
1.460E- 01
1.435E-01
1.516E-01
1.541E-0!1
1.572E- @1
1.619E-1
1.657E-01
1.691E-0@1
1.724E-01
1.762E-@1
1.787E-0Q1
1.814E-01
1.826E-01
1.862E-01
1.883E-01
1.897€-01
1.904E-01
1.911E-01
I.811E-01
t.914E-01

L B B ¥ N R Y R ¥ Y B T B N T B N Y Y R Y R N IV O X R I N I I T

el v

CTIE0Q
. 726E+0Q
.49 1E400
. 555E +0Q
- 307E+QQ
.337E400
.473E400
.4B83E+00
.S20E+400
.532€+00
.574E1 09
- 764E 400
.832E+02
.@47E400
. 108E100
-244E+42Q
- 303402
. 636 +e2
.904E102
.Q07E+00
- 1SGE+@¢
- 134E400
.321E4022
-29EE+0?
-416E+00
.- 356E 20
. 379E4+00
. 327E 400
.295E400

J11E+Q0

- 14QE+QQ

155E 4100

.@36E40Q
.QITE+02
-862F 400
. BSRE1Q2
.878E+00

I N Ny PN N R R R R R R RN X

SCNAN

D DNOUN DN -

Pref-Pt/Qref
1.778E-0)
1.8Q8E- 01

.86IE- D1

.954E &1

A3BE-0

.298E- 91

.5ROE- 01

.QQI1E-O1

.470E- 01

. 006E- a1

.A52E-O1

.8GOE !

. 760E- 01

.557E- 01

L7908 1

.769€-@1

.GBIF -9,

AT E-M

.955E-01

L3gc -0

. 906E - @1

. 33301

.Q3IGE- 1

.740€- Q@1

CcIrIor_my

N G AT U U B BN AN R - -

u
1.Q06E+02
1.006E+0Q0
). QO6E 100
| . QQ6E 100
1.0060 400
1.005E +00
1.0277 4100
1.Q0SE+ 00
1.Q0SE 100
1.924€100
1.001E 100
1.004E100
1.0Q4E+00
1.0036+00
1.00%€+Q0
1.003E+00
1.Q03E+Q0
1.Q03E+00
1.004E400
1.Q04E 400
1.QQAE+00
1.Q05E +00
1.005E400
1.00GE 100

t MACE AR

XM PABNNNONNIYNUA DD O ODMWO B WOW

Ire
.2A8E-21
.2ABE- 01

.205E-01

167E- Q!
.@T6E -0
.990E-@;
. 860E - 01
.628E-@1
.359€-o1
.Q4BE-O1

.765E-01

.507E-@!
.2z24€-0!
.029€- @1
. BSAE- 01
.BB4E-Q1
.972€- 01
. 163E-0!

.475F-01

.837E-01
177€- 01
. 450E - 0}
LEQ1E o
. 734 @)

-] ol § G, B}
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TABLE B3 (CONTINUED)

L2 R R N L Y [V
26 Z.s18E-O 1. QA%E 420 8.5121 @1
7 7.376E @ 1.0e%: 400 8.939F - @1
78 7.235E-¢1 1. Q@25E +00 8.9081E Q1
2 2.335E-01 1.00%t 402 B8.942E 0!
30 7.186E- 0! 1.Q05SE 00 8.985L- @1
31 Z.346E-01 1.005E+00 8.9536-01
32 7.281€-01 1.QR5E1 @0 8.977¢ -0
33 2.3288-01 1. @O5E 120 B.96iE-01
34 2.376E @. 1.@05E + 00 28.949£-01
s 7.406E- 01 1.005E+00 8 BISE-Q)
36 2.651E-01 1. 005t +00 8.7R8F- @)
37 C.684€-01 1.Q05E @0 8.765E-01
38 2.854E- 01 1.005E+00 B8.666E- 1
39 2.895€-01 1. QASE 102 8.654E-01
49 3.287€-01 1.005£400 8.42.E- Q!
41 3.3436 t. 025k 1022 g.307¢ ¢!
42 3.566E-wl 1.005E+00 8.269€-@!
43 3.854E- 01 1.004E 100 8.118E-Qi
a4 4.0412c-1 1.004E 100 7.998E-@1
45 4.249€-01 1.Q024E400 7.838E-01
a5 4.545¢E- 0t 1.Q04c 42 7.701¢-@)
47 4.721€-21 1LODE QD 7.557€-01
a8 4.961E-t 1.0QAE+20Q 7.3300 @1
49 S. 1628 -1 100400 TOIRTE-@
50 5.263E- @1 1.2 400 7.1928-01
51 5.455E-Q! sl L /15 7.QbAE-C1
52 5.536E-@1 1.0C3E+¢0 6.981¢ @1
53 5. 65QE- ¢! 1. QQ3E4CD 6. 83K -01
54 S.76@C- et 1.003E400 6.8560- 9!
55 S.R74E- @1 1.003E+00 6.6805C -of
€6 £ L787E-71 1.0Q3E+ 02 6.87GE-@!
57 C.7F0r -0t 1.@03c1C2 6 86°7 @l
-8 €747 -8 1.9@3E+02 G.e95e-¢e!
53 5.C14E-01 1.003€400 6.9661- ¢!
[2] L.370E- 01 1.003E 0 7.199E -0
(s3] 5.28%E- @1 1. @VIE Q0 7.264E ™
62 S.118E- 0! 1.004E 400 7.373€-01
63 4.8748- @1 1.00C400 7.548E-01
64 4.56Z€-01 1.0Q4E+00 7.79CE-01
£S 4.763E- &1 1. QPAE+0D 7.939C o1
66 3.984E- 01 1.@QQAE+0Q 8.Q37€-01
67 3.73%¢e-01 1.005E+02 8.257E O
A} 3.368E- Q1 1. @Q5E Q0 8.456E - @1
69 3.155E-01 1.Q0%E 102 8.573E-021
79 7.956E- @t 1. 0058400 8.697FE - 01
T i.BISE-01 1.0058100 B.740t- @)
72 7.455E-01 1.0Q25E400 8.943E-0)
73 2.143E-0 1.005E402 9.¢- -0t
74 2.116E-0! 1.02GF + 00 9.03%-@!
75 1.Q167- 1 1.Q0RE+00 9.128F-Q1
75 1.937€-0) 1.006E+@0 9.182E- 0!
77 1.911E- @1 1.Q26E 400 9.179E- @1
78 1.3@3E-01 |.QOGE 100 9.194t-01

BIPEVEINIBRO NSNS IIISINPRVOERINIRURIRPIRBI0 PRIV PINNEIPII BRIV ARSI NQINOIETS

ENGEMITE AVERAGES

PrPavG FanveG TERPNVEG XREFAVG VREFrJG QREFAVG
F.Z263E+40! 407.37E 40 538.51 9.3188-07 2.3708407 1.243€401
MURECF TEMPSTATAVG

1.228E-05 5.338.4+97

REYNOLDS HO
4. BRGQE 425

Y e R N N E N N N N AN N N N N A R AN R N RN N N
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TABLE B1l0

SLOTTED BLADE REDUCED DATA FILE PRINTOUT--DOWNSTREAM

B0 SR N SIS BRI BRIILRITHABIERNNSIRNBIR S

FILE U-31MAYMCALC

RPN HLIRIIISNAINPIERRNBRRININPREBLOROIISETS

I R N R N Y Y N R R R R AR R R RN ]

SCAN  PFB BETA 6AMMA PH1 Xvel Xref
FOSIT

' -3.00 2.6B1E-@2 6.655E-02 7.010E-03 B.556E-0¢ 9.292€-02

2 -2.90 2.650E-0@2 7.112E-02 4.661E-03 8.507€-@2 9.290E-02

3 ~2.7@ 2.633E-02 7.524E-02 2.559E-03 8.480€E-02 9.2704E-02

4 -2.60 2.593£-02 7.273E-02 3.807E-03 B.416E-02 9.315E-02
S ~2.50 2.524E-02 7.610€-02 2.067€-03 8.305E-02 $.2828-02
6 -2.40 2.414E-02 7.350€E-02 3.366E-03 8.125€e-@2 9.276E-02
7 -2.30 2.296E-@2 7.382E-02 3.222€-03 7.930€E-02 9.276E-0C
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72 2.216E-01 |.QecECQ 9.@14c-21
73 2178 -1 1.00GE+QQ 9.07°€-0Q!
7 2.0738 @i 1.006E+20 3.127€ @1t
75 .0248-M 1. QREE+0Q 9.127€-01
76 1.9748 1 | .QR6E+ 20 9.168E-0!
77 1.956E-¢1 1.005E+00 9.15C€E-0!
78 1.963E-1 1.006E+00 9.164E-0!

AR R N N N R Y Y Y R NN N NN

ENSENBLE AVERNRES

PPAYG FAAVG TENEAYG XREFAUG VREFAVG QREFALG
F.2RPEQ! 406.83E+00 54¢.02 9.3156-02 2.373E+02 1.J4BE+Q)
MUREF TENMPSIATAYG

1.232E-@5 5.353E+02

RE 1HOLOS NO
4.9150€ +05

......... P N N N R Y NN YRR YN TN
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TABLE Bl11l

BLADE COEFFICIENT OF PRESSURE SCALED DATA FILE PRINTOUT

Ry NN Ny N Y Y YN NN

BLADE SCALED DATA FILE B-17APRSCL

LR Y N N Y Y N P N RN Y AN RNy Y

FROBE DATA ASSOCIATED WITH THE BLADE DATA IS CONTAINED
I FILE: U-17APR7SCL

SCAN: 43
SCANTVALYE FRESS (INCHES HZo)
FORT
| 2.0008-02
2 1.255E1@1
3 1.322E01
4 -3.667E+00
S -1.100E+@Q
6 3.300e-@1
7 9.3R0CE-Q1
8 1.@92E400
2 9.12CE-01
19 7.100E-21
n 7.260E-01
te 7.7600-¢1
13 1.916E+80
14 1.8B7E+00
i5 2.478E+00
16 2.278E+00Q
17 1.460E+0Q
8 1.768E+Q0
19 2.440€£400
e 3.930E40Q
4 4.8BOE+20
22 7.207E400
2 -1.825E+@1
24 -3.427E401
2 -3.382E+0!
Z “3.001E4Q)
27 -2.43%E401
29 1. 80440
23 -1.495E+Q1
20 -1 33380
31 -1 H42EY I
32 -9.050£+00
33 -7.350£100
34 -6.03EE R0
25 -5.070£100
38 -4.2500400
3 ~3.970£+00
28 -3.696E+00
2 ~3.428E£+00
4@ -3.336€+00Q
41 -3.168E+00
1?2 ~2.1@4F1C0
43 9.600E -01
4 -9.956F+@0
45 ~3.514F 400
45 1.728E400Q
47 1.142E4009
48 -2.88bE+QQ
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TABLE B12

BLADE COEFFICIENT OF PRESSURE REDUCED DATA FILE PRINTOUT

BOBIINEB IS IS UNTIEITOLEBELIPINIBRERIRS

BLADE CF FILE B-283MARTCALC

[ Ry Ny Y Y R N N R RN R R R R RN NN

SCANIVALVE MASS AVERAGED COEFFICIENT
PORT OF FRESSURE
4 2.431E-01
S 3.733E-01
6 4. 4BAE-0O1
7 4.777€E-01
8 4.877E-0)
9 4.829E-
1o 4.675€-01
(R 4.772E-01
2 4.683E-Q1
13 4.845E-01
14 5.2R3E-1
15 S.61QE-@!
e 5.5126-01
17 5.064E-Q1
18 5.180QE-¢)
13 5.530E-01
20 6.397E-@1
21 6.831E-21
2 8.17V1E-01
23 -5.066E-0!
24 -1.284€+4€7
5 ~1.347E+420
26 -1.205€+¢2
27 -8.628E-01
Z ~5.532e-0Q1
29 -3.557E-@1
30 -2.787E-¢€1
31 ~1.8i6E-Q!
32 -5.412E-02
32 4.036E-02
2 1.087E-01
25 1.633€-21
36 1.987E-81
37 2.250€-01
39 2.341E-0i
zZ3 2.487E-0)
40 2.551E- @1
41 2.655E-01
42 2.688E-0!
43 7.780€-01
44 -9.269€-02
45 2.444E-0

- 48 5.21@E-01

a7 4.891£-01

48 2.805E-@1
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B.7 IMPROVEMENTS

Improvement in the method of obtaining probe survey data
can be made by changing the three programs involved. Changes
will make data acquisition more efficient, reduce the chance
of errcneous entries and provide more accurate data.
Recommendations include:

1. Classick's [Ref. 6] recommendation on DVM error correc-
tion is reiterated here.

2. Dynamically size the arrays in "CALC." ("LOSS and
"ACQUIRE" have been dynamically sized in data files and
arrays.)

3. Establish data files to include survey scan number and

probe position to be used in flow field mapping.

4. Convert the use of "1" and "2" in previous programs to
"1" and "u" for upstream and downstream positions. This
would make program flow and conversion easier.

5. Do not combine "CALC" and "“LOSS" as recommended by
Classick. Combination would require repetition of
"L,OSS" in "CALC" for mass-—-averaged and mixed-out losses.

B8. SUMMARY OF PROGRAM STEPS

All commands except RETURN are executed by pressing the
soft keys fl1-f8 corresponding to the labels appearing at the
bottom of the screen.

The following is a summary of program steps:

1. DVM, SCANNER and Scanivalve controller--ON

2. Disc Drive--ON

3. Disc Drive Amber lights--Extinguished

4. Computer, Monitor and Printer--ON

5. LOAD "/CLASSICK/PROGS/ACQUIRE"
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

RETURN
Press RUN

Type raw data file name for probe survey without
quotation marks.

RETURN

Type scaled data file name for probe survey without
quotation marks.

RETURN

Type atmospheric pressure in inches Hg.

RETURN

Press ONE PROBE or TWO PROBES

Type scan number, probe position. For two probe option,
type scan number, lower probe position, upper probe
position.

RETURN

Press REPEAT or RECORD

[REPEAT returns prompt for scan number and position of
data point to be repeated. RECORD stores data to the
file.]

Press GO ON or END PRB DATA

[GO ON returns prompt for next scan number and probe
position. END PRB DATA terminates ©probe data
collection.]

Press GO ON or COLLECT

[GO ON by passes instrumented blade data collection and
returns print option prompts (Step 20). COLLECT returns
prompt for instrumented blade raw data file.]

a. Type raw blade data file name

b. RETURN

c. Type scaled blade data file name

d. RETURN
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

e. Press REPEAT or RECORD

[REPEAT repeats the blade pressure scan, RECORD
stores data to the file.]

Follow the print option prompts

Note that this is the only time to obtain a hard copy of
the raw and scaled probe and blade data.

Press GO ON or CALC

a. GO ON terminates "ACQUIRE." Note that "CALC" can be
executed later by the commands:

1. LOAD "/CLASSICK/PROGS/CALC"
2. Press RUN, loads and executes "CALC"
b. Proceed at Step 22

Type the scaled probe data file name created in
"ACQUIRE."

RETURN

Type the probe calibration coefficient file for X
(velerity) .

Note that for this work MIKEC3 is the X file.
RETURN

Type the probe calibration coefficient file for Phi
(pitch).

Note that for this work MIKEC2 is the Phi file.
RETURN
Press ONE PROBE or TWO PROBES

[TWO PROBES will prompt the user for the upper probe
calibration coefficient files for X and Phi]

Type the file name for the data to be reduced from the
scaled data file. For two probes, a second reduced file
name is required.

RETURN
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31.

32.

33.

34.

35.

36.

37.

38.

39.

Type in the probe block to vertical angle.
RETURN
Note that this angle was 40.4 degrees for this work.

Type in the low limit scan # for the Reynolds number
integration.

RETURN

Type in the high limit scan # for the Reynolds number
integration.

RETURN
Press REDUCE DATA after amber light quits blinking.
Press GO ON or BLADE CP'S

(GO ON returns prompt to load "LOSS" (Step 39), BLADE
CP'S prompts for scaled blade data file]

a. Type blade scaled data file name
b. RETURN

c. Type the file name for the data to be reduced from
the scaled data file

d. RETURN

e. Type scan number associated with lcwer limit of
integration of probe lower blade-to-blade survey

f. RETURN

g. Type scan number associated with height 1limit of
integration of probe lower blade-to-blade survey.

h. RETURN

i. Press BLADE DATA after amber light quits blinking

Press GO ON or LOSS

a. GO ON terminates "CALC" and would be the choice if
only one of the survey pairs had been conducted.

Note that "LOSS" can be executed later by the
commands:
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40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

1. LOAD "/CLASSICK/PROGS/LOSS"

2. Press RUN, loads and executes "“LOSS"

b. Proceed at Step 36

c. Note that "LOSS" requires upper and 1lower probe
blade~to-blade reduced data file names.

Type the lower probe blade-to-blade survey reduced data
file name.

RETURN
Type the lower probe survey maximum scan number.
RETURN

Type the upper probe blade-to-blade survey reduced data
file name.

RETURN
Type the upper probe survey maximum scan number.
RETURN

Type tl.e scan number corresponding to the lower limit of
integration for the lower probe survey.

RETURN

Type the scan number corresponding to the upper limit of
integration for the lower probe survey.

RETURN

Type the scan number corresponding to the lower limit of
integration for the upper probe survey.

RETURN

Type the scan number corresponding to the upper limit of
integration for the upper probe survey.

RETURN
[Note that integration interval for both upper and lower

probes must be exactly equal even though the scan number
entries may not be the same]
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56. Program "LOSS" terminates after mass averaged and mixed-

out flow conditions and losses have been calculated.

57. Information from loss is automatically printed out.
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1t
12
1113
114
16
"7
LRR:)
119
127
124
175
176

TEROGRAN NLORE
I THIS PROGIRNM NACQUIRES DNTA FROM S-110LE PROCE SURVEYS AND PRESSURE
'OISTRIBUTION FROM NN INSTRUMENTED BLNDE. SEE CLASSICK M.S. THESIS
ISEPT 89 i OR PROGRNAM DESCRIPTION NND DETAILS.

lfoosvavasvesasnsssvse DIMENSION NARANYS essesorvvorenssosrdavstsenssssns

OPVION BNSE !

DIM Rawdat(t,106)

DIM Scaled(,106)

DIM Prntdatal ! ,48)
DIH Protdatb(1,48)

MAT Prntdata= ()

MAT Frntdatb= (@)

losssvsnsnsvansvtsone UANINOLES ssatcvorssrrasseseensnsesritastssssss

Oporte=1
Hport='4
Oportma=

Hporta-4p
Dypor b=

Hpertb=+19
Secntempe! 12 1O
Scnyauchn=74
Scnyaurhn] =74

Scnyawuchny=21

Srnvn-1
Senvh-?
Scn=700
Serem107
Dvm-722
Scor dave- |

Scnr davea-0

Senrdsveti~ |

Sranatpsven-40
Srnatpavch-41
Scnbmsven- 45
Scnhmsveh -4
Haxdif~ 020050
Proter=701
Scren-|

TABLE B13

ACQUIRE PROGRAM LISTING

1BNSE OF APy WILL BE ONE INSEAD OF 2ERN

I THIS ARRAY WILL ACCOMODNTE BOTH 48 PORY
ISCANIVALVES AND 1€ CHNANNELS FROM THE SCANNER
IARRAY USED IN PRINTING PROBE 8 CASCADE PRSSURES
I TO SCRHEEN

ARRPY USED IN PRINTING BLADc PRESSURES 10 SCREEN

FINITIALLY TILLS ARRNY WITH ZEROS-IF ENTSRE ARRNY
TIS NOT FILLEG UITH DAIA, THEN REMAINDER 07 ARRNY
IWILL CONTAIN ZEROS.

IDESIRED FORT. IT IS DESIRED THAT THE SCANIVALVE
IBEGIN AT PORT 1.

IHIGH PORT. LAST PORT ON THE SCANIVALVE THAT IS
10F INTEREST.

ISAME NS ARNVE EXCEPT IT PFRTAINS TO SCANIVALV.
1RESERVED FOR INSTRUNENTED BLADE SURVEY.

1AL PORT USED ON THE BLNDE SURVEY

1IN TWO PROBF SURVEYS, MORE PC..TS ANE USED-THE
1DESIRED FORT IS STILL f.

TLAST PORT OF INTEREST FOR TWO PROBE SURVEYS.
I1SCANNER CHANNEL ASLIGNED TO THERMOCOUPLE

[ - " *YAW TRANSDUCER.

[ " " " 1.OVER PROBE ynu
VIRANSDUCER TOR TUWO PROBE SURVEYS.

SCANNER CHNANNEL NSSIGHED T0 UPPER PROBE yhuw
TTRANSDUCER FOR TWO-PRONE SURVEYS.

1SCANTVALVE USED FUR INSTRUMENTED BLADE.

[ " * PROBE 8 CASCADE PRESSURES.
1SCANNER BUS ANDRESS

ISCANIVNALVE CONTROI LTR BUS ADDRESS (G- 78K)
1DIGITAL VOLTHETER BUS ADDRFSS

1SCANNL,. CHANNEL ASSIGHFD 10 REND SCANTVALVE
ICONTROLLER (SCANIVALVE READ §S THE ONE FOR
IPROBE AND CNSCADE PRESSURES.)

1SAME AS NBOVE EXCEPT THE SCANIVALVE READ 1S FOR
I THE INSTRUNENTED BLADE PRESSURES

ISNHE AS ABDVE EXCEPT SCANIVALVE REFT IS 1wrf
JONE FOR PROMAF & CNSCNADE PRESSURES WHEN 7 -FRODE
fOPTION 1S SELECHED.

FSCANNER CHANNEL NSSIGNED 10 STEP SCANIVALVE A
y - " - " " “ B
ISCANNER CHANNEL ASSIGNFD TO HOME SCANIVALVE A
o " " - o “ R
IENADR TR FOR SPURTOUS OVH 11 ADINGS.

1BUS ADDNESS FOR PRINTER

1BUS ANDRESS FOR MONTTOR

LONDSUB NitL FROM “/CLNSSICK/ROUTINFS/SURNCQUIRE ™

085S STORNGF 1S “/CLNASSICK/70NTNAT

INLEOUS NU DATA FILF NNME 10 NE ENTERED
IAT THE PROBCT WUITHOUT PATHNANE

PRINT 000000000 einest et nesirocosaneesassnosestorssnssesneesatessncse”

FRINT =~

FRINI “NNANME FILE FOR THE RAW DATA 10 BF COLLECTED FROM THE PROBE(S)™

INPUT Raufiled

CREATZ ANNT Fawft1es 10€,048 1RNUNTLES IS N STRING VARTABLE ASSIGHED

FINE ROUFILE NNAME TO BF ENTERED AT THE PROIFT
FTHTS FHIE 1S 1@ RECO. )5 (ENOUGH FOR 100 DNTA
IPOINTS) £ACH RECORD CAN CONTAIN 106 RENL
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127
120
129
130
132
133
134
135
135
t37
138
1139
140

142

143
144
145
146
147
148

149

159
151

157

153
154

155
157
168
159
16@
161

167
163
164
165
166
ih?
169
7@
t7

172
174
175
176
117
178
179
180
181

18’
183
R4
1an
186
187
1en
199
191

191
114
196

TABLE B13 (CONTINUED)

INUMBERS 8X1@6G- 848,
ASSIGN BPathl 1O Rawftle® iASSIGNS A PATH NANE T0 THE RAW FILE JUST

ICRENTEN FOR ENTER AND OUTPUT STATEMENTS.
MNSS STORAGE 15 "/CLASSICK/REDDNTA”
PRINT R I I N N NN N R RN R R RN RN RN Y B
PRINT
PRINT “NAME FILE TO STCRE THE RAW ONTA SCALED TO ENGINEERING UNITS™
INPUT Sclftles
CREATE BONT Sclfitles 100,348
ASSIGN BPath? 10 Sclfile®
PRINT 0o s0iaeao st ssesioassssesierslosassrssantonssissssvassasnnrssent”
PRINT "
PRINT "ENTER THE ATHMOSPHERIC PRESURE "N INCHES HG”
INPUT Pbaro
PRINT
FRINT sesssocavaas st ssssetasasntscatisasduantossessipssssnasesssensansonse’
FRINT ™"
PRINT "PRESS ““OHE PRODE"" 1F ONF PROBE 15 USID.™
FRINT “PRESS “"TWO PRODES™” 1F TU0 PROAES NNRE USED.”

PRINT
PRINT Y R I O T O R FF SRR R Y NN RN RSN NN L B
FRINT
ON KEY t LNhBEL "ONE PROBE" GOT0 Mumberprbs! {CODING FOR SOFT KEYS
ON KEY 4 {ABEL "TWO PROBES" GOTL Numberprbs?
Spint: GOTO Spind IKEEPS SOFT KEY LABELS ON SCREEN UNTIL
IETTHER SOFT KE * 1S PRESSED.
Numberprbsi- Noolprba=| THUMBER OF PROBES DETERMINES WHERE 10

I1GO IN THE PROGRAM.
GO0 Checknoofprbs
Nambie v o 7:  Noofprhs-7
Checknoo,prbs: 1F Noofprhs=2 THEN
StartZprbs: INPUT "ENTER THE SCAN NUMBER, LOLER FROBE POSITION NND UPPER P

ELSE
Startiprb: INPUT "ENTER THE SCAN NUMDER AND PROBE POSITION",Scan,Posit
PRIMNT ="
PRINT 5o vt a0sasrotts s ssnessnssestnssisssstsnssntnaoesstinsnsssssnarssnese”
END IF
COM /Positvrbla/ Sve,S5cn FCOMMON BLOCK VARIABLES USED IN POSITIONING

1 THE SCANIVALVE PORIT 5.
COM /Readvrbls/ Scan, Dvm, Scanvb( 1 48), tenpchnrd, Yauchnrd, Scnyauchn Scntemp
COM /Rlendvrbls/ Yawchnrdl, 8- sauchun, Scnyawchnl Maxdif
1NBOVE COMHON BLOCK VARIABLLS USED IN
10BININING OVM READINGS.
IF Noofpebn=2 THEN
GOT0 ReardZprbs
FLSE
G010 Readlprb
END IT
Readlprbs:PRINT “SCAN *NMBER"yScan
PRIHT "1 OWER FROBE PDSITION" Positl
PRINT “Jrt £ER PRODE POSITION"yPosttu
PRINT "pPoRY VOL TAGE GAUGE PRESS(INCHES HZo)
MAT Seanvh= (@)
FOR Db-Dpreth 10 Yporth
CNlLL Scnvpoartpnstt{Scnvb, Db Scnhmsveb, Scnstpsveh) 1CNALLS SUBROUTINE
170 POSITION SCANIVALVE PORTS. INTTIALLY IT MILL
1POSITION SCNIVYALVF T0 PORT 1.

CALL Readdvm( Db, Senrdsveb) 1CALLS SUDRDUTINE 10 REND THF
1THE SCANIVALVE PORT REHDINGS ON
ITHE DVM.

Pentdntht! 1)=Scanvh( 1 1)e10000 ICONVERTS OVM READINGS TC PRESSURE
(A% A1V SR

If Dbo1l THEN Prntdatb{ 1 ,0b)=Scanvh( | ,Dh)e 10000-Prnidatbl’ 1) 1ALI OUS
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197
198
200
radl
207
203
104
205
206
ze7
208
210
211
712
213
Z1S
216
217
218
219
220
221
222
223
225
226
228
229
3
132
213
235
236
137
238
239
240
L3
242
213
244
z45
248
248
749
250
251
252
253
254
255
256
257
258
259
260
26
762
263
264
265
266
267

TABLE B13 (CONTINUED)

IPORT | READING 10O BE SUBTRACTED
1FROM OTHER READINGS.
PRINT USING "DO, 10X ,MD. 3DE, 10X, MO. 3DE" +Db, Scanvh( 1 ,Db) Prntdatb( 1 ,Db)
NEXT Db
CNLL Readdvm( Db, Scnyawchnl) IDb IMN THIS CONTEXT ACTS AS A DUMMY
IVARIABLE. DVM READS THE LOVWER PROBE YAW YRNANSDUCER.
CALL Readdvm{ Db, Scnyauchnu) 1UPPER PROBE YAW TRANSOUCER 1S RERD.
PRINT 000 aaoaoresas anptsrsqutacrasscnogssnisvesscssaanastenne”
PRINT “LOUWER PROBE YAW CHAN READING "3 Yauchnrdl
Yaul =Yauchnedl ¢« { QOB {THIS IS UHERE THE REFENENCING
ICORRECTION FOR THE YAW ANGLE 1S HMADE
PRINT "LOVWER PRODE YAW (DEGREES) "1 Yaul
PRINT “UPPER PROBE YAW CHAN READING *) Yauchnrdu
Yauu=Yauchnrdus 1000 I1MAKE THE REFERENCING CORRECTION FOR
1UPPER PROBE YAW ANGLE HERE.
PRINT "UPPER PROBE YAW (DEGREES) "1 Yauu
G010 Continue
Readlprb:PRINT “SCAN NUMDER”)Scan {CODING FOR READING ONE PROBE BEGINS
PRINT “PROBE POSITION" Posit
PRINT "PORY VOLTAGE GUAGE PRESSUREC INCHES WZ2o)"
MAT Scanvb= (@)
FOR N=Dpori 10 Hport
CALL Scnvportposit(Scnvb, D,Scnhwmaveb,Scnestpsvel) tCALLS SUBRQUTINE TO
IPOSITION SCANIVALVE PORT.
CALL Readdvm(D,Scnrdsvce) ICALLS SUBROUTINE TO READ SCANIVALVE PORTS
1ON THE DVH.
Pratdatb( 1, 1)eScanvb( 1, 1)+10000 ISCNLES DVM READINGS T0
170 ENGINEERING UNITS
IF D> THEN Prntdalb{1,0)=Scanvb(1, D) 10000-NPrntdatb( 1 1) 'PORT )
YRENDING SUBIRATTED OFF THE SCANIVALVE
IPORT READINGS.
PRINT USING "0D0, 10X, MD. 30E, 1@X MD. 3DE" 1D, Scanvb( 1 D) Prntdatb( 1, D)
NEXT D
PRINT "o saaasssnsnsaenastietasesiassetecnsnertdscisncsstossnsaeas”
CN L Readdvm(D, Scnyauchn)
PRINT "YAW CHNAN READING "1 Ysuchnrd
Yau=Yawchnrd® 1000 fTHIS 15 WHERE TO CORRECT FOR PROBE YNAW REFERENCING
PRINT "YAU (DEGRFES) "1Yeu
Continue:CALL Readdvm({Db,Scntempchn)
PRINT “TEM™ CHNAN READJING *y1Tempchnrd
T=Tempchnrd» 1000
Temp=33.9197434_254+460 ITRON CONSTANTNN THERNOCOUN'LE EQUATION
YSANE ONE USED BY DREON.
PRINT "TEMPERATURE (DEGREES R) “y1Temp
Pa~Fbaros13.57 TATMOSPHERIC PRESS CONVERTED TO INCHES H?o
PRINT USING "26A,4X,20.20,X,4A 5X,30.70,50" 4 "ATHMOSPHERIC PHRESS (INCHES)" P
PRINT "
PRINT 00000t srncscianssserssssnineasscinavseninnissesnnessvasscisssesss”
PRINT "~
PRINT “1S DNTA OK? PRESS ““RECORD"" TO RECORD OATA, PRESS ""REPEAT"" 10"
PRINT "REPENT THE SCAN."
PRINT "
PRINT V00000000000 teussrdtetestosrssedisosedosnudstssnpesinsvssnsasncne”
ON KEY 1 LABEL "RECORD" GOTO Storeraudata
ON KEY 4 LABEL "REPEAY" GOTO Repmailscan
Spinl: G010 Spin?

Repeatacan: 1F Noofprbs=2 THEN
GOT0 Start2prbe
EL SE
GOTO Startiprb
END IF
Storeraudatae: 1 STCRE RAWDNTA TO RAWONTA FILE
IF Noofprha=? THEN
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TABLE B13 (CONTINUED)

IASSIGN ALL THE SCANIVALVE RENDINGS IN THE
1SCANVB ARRAY TO THE RAWDAT ARRAY ELEMENT

YTHE OATA 1S STORED IN THE RAY DATA
IFILE WHICH UAS PREVIOUSLY CREATED.
1THIS IS A RANDOM OUTPUT STNTEMENT.

'SAME METHOD HERE EXCEPT SCALED DNnTA
115 REASSIGNED.

IFOR THE ONE PROBE OPTION, ASSIGNS
IALL THE SCANIVAI VE READINGS IN THE
'NRRAY TO THE RAUDAT ARRAY ELEMENT
1BY ELEMENT,

TTHE DATA 1S STORED IK THE RNW DNAIA
IWHICH WAS FPREVIOUSLY CREATED. THIS

115 A RANDOM QUTPUT STATEMENT.

I SAME METHOD HERE EXCEMT SCALED DNTA
115 RENSSIGNED.

X N Y N Y N Y N YN NN RN YN Y PN

10 CONTINUE TAKING DNTA, PRESS “"END PRB Dnip~""

MR R N N Y R Y Y RN YN RN Y A

Zh8 MAT Raudal= (O)

269 FOR XK-1 T0 18

279 Rauwdattt K)=Scanvb{1 X)

n

272 1BY ELEMENT
274 NEXT K

275 Raudat(1,2¢)=Positl

276 Rawdat(1,21)=Positu

277 Rawdai(1,22)=Yauchnrdl

278 Rawdat(1,23)=Ysuchnrdu

273 Raudat(),Z4)=Tempchnrd

280 Raudat(1,25)=Ps

281 OUTPUT 8P ath! Scamfaudatl(+)
282

283

285 MAT Scoled~ (@)

286 FOR X~) 10 19

287 Scaled( ! ,K)=Pratdaiti | K)
288

299 NEXT K

291 Scaled(1,20)~Posit]

292 Scaled( ! 21)=Positu

293 Scaled( !, 22)=Yaul

294 Scaledt),23)=Yauy

235 Scaledt],240)-Temp

296 Scaled( 1 ,25)=Pp

297 OUIPUT OPathZ,ScaniScaled(e)
298 ELSE

799 MAT Raurlat= (@)

3e2 FOR K=1 10 14

321

3e7

323

305 Raudatl(1 K)=Scanvb( 1 K)

e NEXT K

327 Rawdal(1l 15)-Posit

328 Raudat( 1, 16)=Yauchnrd

329 Raudat(1,17)=Tempchnrd

310 Rowedat( 1, 18)=Pa

34 OUIfUT efathil ,ScaniRaudatl ®)
312

313

315 MAT Scaled= (®)

316 FOR K=1 T0 14

317 Scaled( | ,K)=Prnidatti 1 K)
318

3?0 NEXT ¥

370 Scaled( 1 ,15)-Posit

322 Scaled( 1, 16)~Yay

323 Scaled( ! 17)=Temp

324 Scaled(t 18)=Ppa

325 OUTPUT ®Fath?,ScaniScaled(s)
326  ENL IF

327 PRINT

378 PRINT "

329 FPRINT "PRESS "GO ON'"

33¢  PRINT "T0 TERMINATE PROBE DNATA COLLECTION."
n PRINT ="

332 PRIMNT

313 ON KEY 1| LNBEL "END PRR DATNA" GOIO Printfilename
314 ON KEY 4 LNBEL "GO ON" GOIO0 Collectidata
335 Spini: GOT0 Spin?

336 lollectdatln:

17 Noofprha=2 THEN
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337
339
339
340
3
342
343
344
345
346
317
348
349
359
351
3152
353
354
1s5
356
357
358
359
360
361
352
363
364
366
367
368
369
370
n
373
374
375
276
377
378
379
380
e
387
383
384
195
1886
387
388
399
390
3s
392
193
194
395
396
397
198
199
100

TABLE B13 (CONTINUED)

GOTO StartZprbs
ELSE
GOT0 Startiprb
END IF

PRINT "0 odnssasneassssonstosessoaiiesinsinastisossissnnsisenssnsanessss”

PRINT =

Printfilename: PRINT "RAW PROBE ONTA IS STORED *

PRINT "IN DATA FILE” Rawfile$
PRINT =~
PRINY "o 000050300000 00 0008000000 nvisntisnessiossssnaottvesscssasansannovsse”
PRINT "™
PRINT "PROBE RNAW DNTA SCALED TO ENGINEERING UNITS™
PRINT “I5 STORED IN REDDATA FILE" ,S5clfiles
PHRINT **
PRINI 0t 0o onnssnonsttsdiosatonssnsntocsantsensstvssnisssncensosnsesosenss®
PRINT *~
PRINT “ENSURE THE PROBE IS CLEAR OF THE INSTRUMENTED BLADE."
PRINT "*
TRINT V00 s aesvonses s s s sasni e easotssosscisnissonisosonssanssssoncennee”
PRINT "
PRINT " PRESS ""COLLECY DATA™" TO COLLECT DATA FOR THE INSTRUMENTED BLADE™
PRINT * PRESS ""GO ON"" TO CONTINUE WITH THE PROGRAM."
PRINT &7
ON KEY 4 LABEL "GO ON" G010 Printoptsonl
ON KEY 1 LABEL "COLLECT DATA" GOTO Namefile

Spind: GOTO Spin!
Namefile: MASS STORNGE IS "/CLASSICK/ONIA" 1CODING FOR INSTRUMENTED

IBLADE SECTION OF PROGRAM IS SAME AS FOR
PRINT "0 00 snvensnosonsstesissnsassaiosstiusnsrsonanoosesasnessinansasassessns’
PRINT "~
PRINT "NM# FILE FOR THE RAW DNIA TO BE COLLECTED FROM THE BLADE.™
INPUT Raubladfile$
CREATE BOAT Rawbladfile$ 102,384 1100 RECORNS, EACH RECORL CAN CONTAIN

148 REAL NUMBERS 8Xx48=384.

ASSIGN €Path3 TO Rauwbladfitles
MNSS STORNGE IS "/CLASSICK/REDONATA”
PRINT 00 0 eeusnconssonstosssnsnnssrssnsatsnnssossiossinenaspssnsssssdsosnsassas”
PRINT ™"
PRINT “NNME FILE FOR THE RAW BLADE DATA SCALEDN TO ENGINEERING UNJTS.™
INPUT Sclbladfiles
PRINT "™
PRINTI "o vasoereonsnasrrtssnsosnsinsssnnssseny S0000000g080000000800 0000 0000s"
CREATE BONT Scibladfiles, 100,384
ASSIGN fPath4 10 Sclblardfiles

Bl aderead: MNT Scanva~ (@)

PRINT "SCNAN NUMBER™ K Scan

PRINT “PORT VOL TAGE GUNGE PRESS(INCHFS HZ2o)"

FOR Da~Dporta 70 Hporta

CALL Scnvporipositl(Scnva,Da,Scnhmevca,Scnstpsves)

CALL Reeddvm(Da,Scnrdsvca)

Prntdatal ! Da)=~Scanval( !l ,Da)e 10000 )

IF Da>! THEN Prntdatatl! Da)=Scanva( |, Da)*10000-Prntdotat !, 1)

PRINT USING "DO, 10X, MOD. 30F , 10X MD. 3DE " 1Da,Scanval | ,Da) ,Prntdaiat | 0a)
NEXT Da

PRINT s 00000t t00s00eeneretesnsosstessssssnsoconsstacessosssussssganrsac”
FRINF "

PRINT “1S DNTA OK? PRESS ""REPEAT"" 10 REPEAT THE SCAN, PRESS “"RECORD" ™"
PRINT “TO RECORD THE DnTA,"

PRINT "

PRINT " 00 0a0snnastrrsstodtcessrosssestscdliossestose ssnasnsnassstaqrens”
ON XEY ) LNAREL "RECORD" GD10 Storedata

ON KEY 4 LABFL. "REPEAT" GO10 Blardercorl

421 Spin5: GOTQ SpinS
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407
403
104
105
406
407
408
109
410
a1y
M2
413
4i4
415
AlB
M7
418
a1g
420
<2
422
424
475
475
477
428
479
430
431
432
433
134
435
436
437
A38
433
410
a4t
a7
443
844
ANG
447
nng
443
450
151
153
454
455
455
457
458
asg3
460
461
162
463
456
465
a6
467

TABLE 13 (CONTINUED)

Storedala: OUIPUT Oraili3yScanvale)
QUTPUT #PathdiPrntdatalr)
PRINT "THIS DATA IS ASSOCIATED WITH THE LAST SCAN OF FILE " ,Scifiles
PRINT "

Printopliont: PRINT "#0ene 0 s ataneavedsqsqrioseentoaisnssaesonanssisncy
PRINT *

PRINT “NLIGN PAPER IN PRINTER. "

PRINT "

PRINT "TO PRINT OUF A TABULATION OF THF RAY DATA COI LFCTED FRON"

PRINT ="

PRINT “THE PROBE(S), PRESS “"RAW TALLI ", PHESS ""60 ON"""

PRINT "

PRINT "TO CONTINUE UITH THT PROGRAM.™

PRINT

PRINT “ooareeose s 0anstassriosenesissiqaipetsssrunsontnvssostannnnns”
ON KEY 1 LNPCL "RNY TARLE™ GOQI0 Printrewtable

ON KEY 2 _nDFI. "GO ON" GOTO Printoptson?

SpinT: GO0 Spint
Printrauwtabile: MASS STORNGF IS "/CLNASSICK/DATA"

RASSIGN BPath! TO Rawfile$ 'STATEMENT PUTS FILE POINTER AT BEGINING

tOF FILF.

PRINT "

PRINY "FPRESS ""ONE FROBE“" 1F ONE PRORE WNS USED."

PRINT “PRESS ""TWO PHOBES™" IF TWO FRUBES WERE USED.™

PRINT "

PRINT "o e roauteqeestsaatssssntsntsvtondonsnteiosozotoodapsatotatnostnnss”™
ON KEY 1 I AHEL "ONE PRUBE" GOTO Nunberofprbst

OW KEY 4 LARFL "TWO PROBES™ GOTO Numberofprbs?

Spin?:  GOTO0 Spin?

Numbero o sl Noofprbs=|

G010 Howmanyprbs

Numberafprbs?: Noofprls=2

Howmanyprbs: IF Noofprbs=7 THLN

PRINIER 1S Prnter VSEHDS PRINT STATEMENTS 70 THE PRINTEN,

PRINT “oenvs st snnonst srovnsrnssansdruntonnssrsisnsnsnsstace’”

PRINT “PROBE RNW DNIA FILE " Rauwfileg

PRINT 9858335885803 spesinsasstasssanriessseassssens’
PRINT "SCAN L PRD ! 2z 3 L)
PRINT POSTT"
FOR N={ TO 1090
ENTER &Pathl NiRaursi(s) VSIATEMENT ACCESSES THF RNW DNTA FILE IN
'RANDOM MNDE.
ON END ef'ath! GOTO Twoprintraul ISINCE ALL RECOHDS QF A FILE MNY

INOT BE FILLED (RFECALL 100 RECORDS VERE
TRESFRVED FOR 120 DATN POINIS), THE ON
TEND STNTEMENT ALLOWS THE PROGRNM TO
TCONTINUE A1 THE Twoprintrauwl LINE WUHEN
IAN END OF FILE CONDITION OCCURS.
Posit)=Raudal{l, 20)
Fortt=Raudat(t 1)
PortZ-Raudat(1 2)
Port3-Rauwdat( 1,k 3)
Pori4-Raudal(l 4)
Port&=Rawdnt( | ,5)
PRINT USING "40,3X,4D.20,3X,MD. 3DF, 3X,MD. 3DF , 3X,MD. 30t , 3X MD. 3N , 3X  MD. 30F "
NEXT N
Tworrtntranst: PRINT "®o002eectunsquavtnssrovisssasnantoveseadaisssvanrsveden
PRINT "SCAN & 7 8 9 0
FOR N=1 TO 10Q
ENTER ®Fathl , NyRaudatis)
ON END Bl'ath! GOTO Tunprintran?
PortBRauat{l B)
Port7«Rourdst( 1, 7)
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458
acn
470
a7
477
473
474
475
476
877
478
479
480
a8
an7?
493
Ap4
485
49E
487
498
PLL]
490
491
497
193
494
495
436
497
49g
499
500
5ot
502
503
524
507
Se6
507
508
509
131
51
512
511
S
515
516
517
518
519
520
571
523
574
575
526
578
529
530
53)
53

TABLE B13 (CONTINUED)

Pourt8-Raudatt i ,8)
t'os ia-audais i, 5)
Por t18~Raudat({t 19}
Poriii=Rawcat (1, 11)
PRINT USING "40D,3X, MD. 3DE, 3X, MD. 30k  3IX,HMO. 3UE, 3X,MD.30F ,2X, M0, 30F ,2X KD, 3Dt
NEXT N
Tuoprintraw?: PRINT “esssetsanzuvansnsteversosnraonnttsnesasscogorrasqresaane
PRINT “SCAN U PRB 12 13 14 15
PRINT * POSTT"
FOR N=3 70 100
ENTER @Palhd Niftsudati(®)
ON EMD ©Path) 6070 Twoprintrawl
Posttu=Raudat(t 21y
PortiZ=Raudat(1,12)
Por t13=Raudati (1, 13)
Port1d4=Ravdat(t 14)
Port15-Raudol( 1 ,15)
Port16=-Raudat( 1, 16)
PRINT USING "4D, 3X,40.20D,3X,MD. 30F, 3X,MD. 30F, 3X ,MD. 30t , 3%, M0D. 30k, 3X, MD. 30E "
NEXT N
Twoprintr au3: PIIINT T e n s s a s s n e aana s v e asuconaserasenscuupoeuienscavnses
PRIMT "SCAN 17 18 13 "
FOR N=1 10 (0D
ENTER ®Path! NyRavdat(s)
ON END 8Patih! GOTO lfwoprinirawd
Por t17=Raudat(1 17)
Port18=Randat(1,18)
Port19=Raudat{1,19)
Fa-Raudel(1,25)
FRINT U5iNG “40,3X,MD.30FK,4X,MD.3DF ,AX MD. 3DF "N, Porti17,Pori18 Portig
NEXT N
Twopr introus? PIRINT “eaestvaaeroonsnsvt s tasrtsaonoriosanstucsnssisansnsnens
PRINT "SCAN YAY L Yaw u TEMPCHN ATHMOS™
PRINT ™ voLT voLTt VoL T PRESSURF"”
FOR N=1 T0 109
ENTER Balht NiNaudat(+)
ON END #Fath! GOTO Twoprintramus
Yauchnrdl =Rewdat(1,22)
YauchnrdurRawdat(1,23)
Tempchnrd-Rawdat(1,24)
Pa-Rowlat{1,25)
PRINT USING "40,3X,MU.3DE,4X,HD. 3DE 84X ,MD. 30F ,4X,30.20" 1N, Yauchnrdl , Yauchine
NEXT N
Tuoprintreus: OIF END ®Fsih) I TERMINATES THE ON END COMIMAND
ELSE
PRINTER IS Prnler
PIIINT “"ecovtvnacuasesvprtsspengrsanasrveneayognonr”
PRINT “"PRODE RNAY ONTA FILE * ,Raufilet
PRINT “sssesaccvasscnsnpivncssasnssessianssovevanos”™
PRINT "SCNAN  PROBE t 2z 3 4 5"
PRINT POSIT"
FOR N-| 10 100
ENTEH €Path! NiRoudatl( ) ISIATEMENY ACLESSFS THE RNV DNTA FILE IN
1 RANDOM HODE
ON END ®Fath! GOI0 Printrau! ISINCE ALL RECORDS OF A FILE MAY NOT HE
JFILLED (RECAML 190 WERE USED FOR 100
10nTA POINIS), ON END STATEHMFRT ALI OUS IHE
IPROCRANM TO CONTINUE AT THE Printrow! LINE
Poatt=Raudal(t 15)
Port1-Raudat(l 1)
PortZ=Raudnl(t 2)
Port3rfRaudat(t 3
Porid«Randel( 1l 4)
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533 PortS=Raudat(1,5)

531 PRINT USING “4D,ZX,4D.70,2%,MD.30F ,2X HD. 3DF ,7X _MU). 30k ,2ZX M. 3DF ,ZX HD. 30F
635  NEXT N

550 Prini aw, - rRINT 2002000 T IS RPN IRV IR ARARUNRRNP PRI ECETRARNTRRTONOORENE
537 PRINT "SCAN € 7 a g 10 1
538 FOR N=1 10 100

$33 ENTER PPathl NiRaudat(s)

540 ON ENU efatll) GOTO Printrouw?

541 PortE=Raudat(1,6)

542 Port7=Raudeti(1,T)

543 PortB-Raudat((,8)

544 Pori9=Rsudat(t 9)

545 Port)@-Raudaet(1,10)

546 Portlt-Raudsi(t 11)

S47 PRINT USING "4D,7X,MD.3DE,2X,MD.30F ,2X ,MD. 3Dt , 7% MN.3DE ,2X,M0. 30L,ZX, MD. 30t
S48 NEXT N

543 Printraul: PRINT "o asaoarreaa ey e foneanaectieeeetssteaguesessstssnanstsy
550 PRINT "SCAN 127 13 14 YAUCHAN TEMPCHNAN nT
551 PRINT " VOLTAGE VOLTAGE PR

652 FOR N=1 10 109
653 ENTEH @Fathl NiRewdatfs)

£54  ON END €Pathtl GOTO Printrawl

555 PortiZ=Raudat(1l, 12}

S5 Porti3=Raudat(1,13)

557 Portt4<Raudai(1,14)

858 Yauchnrd-=-Rauwiat( 1,16}

559  Tempchnrd~Naudat(1,17)

560 Pa:Raudat(!,18)

S61 PRINT USING "40,2X,MD. 30D ,7X,MD. 30 ,ZX,ND. 30F,2X,HD. 3DF ,2X,MD. 30F , 72X, 30.2D"
567 NEXT N

563 Printrac? PRINT “asarvavasennennnnessaunsnostvruanensnaivageasegnaiosseggnne
S64 OFF END €Pathi ITERMINATES ON END STATEMENT

565 END IF

568 PRINTER 15 Scren YRETURNS PRINT STATEMENTS 70 MONITIR,

S67 FRINT "0 0s0ansrroes oo oo nnrssnunsossasacsstvitssnusnsunanssnstsnoionanst”
568 PRINT

569 Printoption?: PRINT “ALIGN FNPLR IN PRINTER."

570 PRINT v

s PRINT “10 PRINTOUT A TADULATION OF THE PROBE DN1A SCALED IN"
572 PRINT "¢

S73 PRINT “ENGINEERING UNITS, PRESS ""SCALED DATA“™.“

574 PRINT "

575 PRINT “PRESS ""GO ON""710 CONTINUE WITH THE FROGHAM.™

576 PRINT *"

S77 PRINF “seccttosasstoonaaesatsnnanonestsstoaasreovanoosorgetennvzesarssnnosne’
578 ON KEY | LNBEL " SCNLED DONTA" GOTO Prntscaledtuble

579 ON KEY 4 LABFL "GO ON" GUTO Printopiinn3

580 SpinB: GO0 Spind

581 Prntscaledtahle: MASS STONRNGE IS "/CLASSICK/REDDAIN™
682 ASSIGN ®Path? YO Scliiles
583 PRINT "

S84 PRINT "PHESS ""(ONE PROLL"” IF ONE PROUC WNS USED."

58S PRINT “PRESS " TWO PRURZS "" IF TWO PRUBES WERE USED.*
586 PRINT "

C87 PRINT oo et rscunernesteaetatiaeaasataoervqnauaesssseqdeseuagasacqstssnantas’
588 ON KEY 1 LNDEL "ONE PRUBE" GOTO Numherprobes!

589 ON KEY 4 LAREL "1WO PROBES” GUT0 Numbierprobes?

590 Spin3: GOTO Sping

591 Numberprobecl: Noofpriys=1

592 6070 Houmanyprobes

593 HumbLerproliec?: Noofprhs-2

594 Houmanyprobes: 1f Noofprhe=2 THEN

535 PHINIER 1S Prnter
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536
597
598
599
620
(4]

6@?
603
624
625
606
697
608
609
610
611

612

B13
614
615
616
617
618
6139
620
621

622
6¢3
b1
62%
626
627
528

636
637
638
639
610
611
642
643
614
713
646
647
618
649
650
651
652
653
654
655
856
57

£58

TABLE B13 (CONTINUED)

PRINT AN IRIC RN RIS EROEROEEBPBETDORTRENBORNEOEENRESE RS

PRINT "PRUBE SCALED DNTA FILE ", Sclfiles
PRINT “®0ceutitaressscansnsstetisaasoninqauenstescsaenvsanss’
PRINT "SCAN L PRB ! 3 3 4
PRINT ™ POSIT”
FOR N=t 10 100
ENTER ®P'athi2 NiScaled(®)
ON END #rath? 6010 Tuwoprintscll
Positl=Scaled(1,20)
Porti«Scaled(t, 1)
PortZ~Scaled(1,2)
Port3=Scaled(1,3)
PortA-Scaled( 1 ,4)
Port5~Scaled( 1,5)
PRINT USING "4D,3X,40.20,3X,HD. 30F , 3X M0, 30E , 3X, MD. 30¢ , 3X,MD. 30fF , 3X MO 3DE™
NEXT N
Tuoprinisclt: PRINT "o0esaasrssontassu s qutringosaisersueiactesanussassns?
PRINT “SCNN 6 7 ] 9 10
FOR N=1 10 100
ENTER BPathZ NiScaled(s)
ON END ®Path2 GO1D Tuopt tntscl)?
Por t6=Scaled(1,6)
Port7-Scated(1,7)
PortB=Scaled(1,8)
Port9=Scaled( {,9)
Port1@-Scaled(1,10)
Porti1=Scaled(! 11)
PHINT USING 4D, 3X,MU. 3DE, 3X MD. 30 , 3X MO. 30k, 3X M0, 308 ,2X,ND. 30E ,2X,MU. 30F
NEXT N

Tuopr trlscl?: PRINT “ssczsusssosrecassepaanvitosssssnsorasnstonsesertcenn?
PRINT “SCNAN U PRB 12 13 14 15
PRRINT ™ POSIT"

FOR N=1 10 120

ENTER ®/'ath? NiScaled(?)

ON END @PathZ GOTO Twuprintscl]

Posity=Scaled(1,21)

PortiZ=Scalo(t, 12)

Pori13-Scaled(1,13)

Portld:Scaled(1,14)

Porti1S-Scaled( 1,615}

Port16-Scaled( 1 ,16)
PRINT USING "4D,3X,4D.2D, 3%, M+ 3DE, 3X,MD. 30E, 3X,MD. 30t , 3X,MD. 30w , 3X,MO. 3DF "
NEXT N
Twopr inisc) 3: PRINT "saosvoreererppsnstoseissonusrersrsianssststonntasrcentsg

PRINT "SCAN 17 18 1g -
FON H=1 T0 100
ENTER ®Path? NiScaled(*)
ON ENDL 8Patli? GOTO Twoprintscld
Portt7=5caled(1,17)
Porti1B8=Scclect(1,18)
Port19=Scaled(1,19)
PRINT USING "40,3X,HMD.3D¢,4X HD.30E 4X MD.30E" N, For t17,Port18 Fortld
NEXT N

Tuoprintecla: PIRINT “osspsursosresscpscnattvaresescutosenaesdtaevciascsnesy
PRINT “SCAN YAW L Yynu v TEIW® ATHOS™
PRINT ~ DfG OEG (R) PRESSURE "

FOR N=f 70 100

ENTEH Brath? NiScaled(s)

ON END £Path? G010 TwoprintsclS
Yer)=Scaledl(},22)
YauwusScaled(},23)
Temp=Scaled(1,74)
Pu-Scaled(1,25)

116




TABLE B13 (CONTINUED)

553 PRINT USIHG "40D,3X MU. 30 4% MD.30F AX, MD.3DE,4X,3D. 20" 1N, Yaul ,Yau.,Temp Pa
660 NEXT N
661 Twoprint=rniS: OFF END BFaily?

b62 ELSE

663 ' END JF

G64 PRINTER IS Prnter

EES PRINT “ssapvicacotstsnqaneadsntpatctodsntgaacrastisoasase”

606 PRINT "PROBE SCNALED DATA FILE ",Sclitles

bE7 PRINY "svesccvgsraaaccacsaaouessoscegdosaesesorseuangnye™

668 PRINT "SCAN  PROGE 1 3 3 4
6E9 PRINT * POSIT"

670 FOR N-V TO 100

671 ENTEFR @rath? NyScaled(s)

672 ON END PPath? GOIO Printsct!

673 Posit=Scaled(1,15)

674 Porti=Scaled(t 1)

675 Fori2=Scaled(1,2)

G76 Port3-5caled(1,3)

817 ForidsScaled(! 4)

678  PourtS=Scaled(!.5)

679 PRINT USING “4D, 3X,4D.70, 3X,H0. 30, 3%, MD. 30F, 3X,MD. 30F , 3X, HD. 30F , 3X  HD. 3¢
EB®  MEXT N

81 Printsclt: PRINT neseeresatarrnososstroenaesrantinstuedaaeueanssosnaestess
682 PRINT “S5CNN B 7 8 9 1@ t
683 FOR N-1 TO 100

584 ENTER oPath? MiScaled(®)

£05 ON END OFaili7 GO0 PrintaclZ

698 Forth-Scaledl ) ,B)

687 Port7=Scaled(i,7)

BB PortB=S5cal-d 1,8)

689 Port9-Scalen(i 9)

F99 Port!i@-Scoled( 1, ,10)

691 Porill=Scaled{ ! 11}

697 FPRINT USING "4D,2X,MD.3DE,Z2X,MD. JDF 72X MD.30F  2X MO, 30F ,7X,MD. 30% , 72X, KD, 30F
693 NEXT N

694 Printiss)7: PRINT "essusceauaranasurosnvanautasaottsntancssatesyasnnncveent
595 FPRINT “SCAN 12 13 14 Youw TEMP ny
GIF  PRINT ” e 3¢) (R) PR

697 FOR N=1 10 100

698 ENTER ®FatlZ ,N3Scaled{«)

K93 ON END PP.ath? GOTO Printscl3

740 PoritZ=Scaledii, 12)

70! Portl3=Scaled(t, 13)

702 PortlA=Scaled(1,14)

703 You=Scaledtt  16)

7010 Tempe:Sculec(1,17)

705 Pa=Scalted(1,18)

706 PRINT USING "4D,7X,MD. 30F ,7X,MU. 3Dt , 2%, MO, 308 ,7X, MD. 3DF , 7%, MO. 30F ,7X, 30. 20"
707 HNEXT N

TQ8 Printecl3: PRINT "etcccsstsagtoststosnasenssatssastassvnstrefaontdonanactnes
709 OTF EMND €PathZ

710 END IF

711 PRINTER 1S Scren

T1Z7 PRINT “u o oo raneaunarrarseeenetetetasdteessctionunsetopaenynnssiossseavresan”
713 PRINT ™

714 Printoption3d: PRINT "PRESS ““BLADE DATA"" FOR Bl ADF DATA PRINT OFPTIONS."
715 PRINT "™

716 PRINT "PRESS "“GO ON"" T0 CONTINUE FROGNAM.™

717 PRINT "

T18 FRINT "0 tavaseoressrarnaae st uraen e tnonesnssvaesioesuseessrosssaasersacs
719 ON XEY | LNUFL “ALALE onTA* GOTO Printoptions

720 ON KEY 4 LAPREL "GO ON" GO0 Loedoupitont

721 Spint@: 6010 Spini®
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127 Printoptiond: PRINT ™
723 PRINT "ALIGN PAPER IN PRINTER."

724 PRINY "

725 PRINT “70 PRINT QUT A TNDULATION OF THE RNW BLALF DATA™
16 PRINT "

727 PRINT "PKESS “"BLADF DNTA"". PRFSS ""60 OH"“ TO CONTINUE.®
728 PRINT **

729 PHINT “scorvvaotesaasestonussr i R aacssusapaentizssessinoesvasscsunece
‘730 OM KEY 1 LNEL “BLNDE onta” GOTO Prntbladedata

1 ON KEY 4 LABCL "GO ON" 6010 FrintoplionS

732 Spintl: 6070 Spint!

733 Prudb) ededutls: MASS STORNGCF 1S “/CLASSICK/DATA™

734 ASSIGH €Path3 T0 Raubladfiles

73% PRINTER 1S Prniler

736 PRINT “ovnsevacsscnneeetasnaaafoensatetneasenstngsestasncensenr”
737 PRINT “BLADE RNAU DATA FILE "L Roubladfiles

734 PRINT “soeonenssntusqanrocnssasreseescstssnayersssssistunnysnse”
739 PRINT v

740 PRINT “FRODE DATA ASSOCIATEN W1TH THE BLADC DATN IS CONTAINEN™
741 PRINT “IN FILE: " Rauwfiles

742 PRINT “SCAN:" Scan

743 PRINT "SCANIVALVE VOL INGE"

744 PRINT “pORT READING"

745 FOR N=1 10 48

7A€ FNTER ®rathi3)Scanval 1,N)

747 PRINT USING "1D,20X,MD. 3DE" )N, Scanval | |N)

748 NEXT N

719 PRINTER 1S Scren

750 PeinlorlionS: PRINT "etvevesacoeccosrrtonarennrsnstsaaesistneonetetesanrses”
751 pprYir o

752 HRIMT “ALLIEN PNPER IN PRINTER. "

753 PRINT "«

791 PRINT “70 PRINT OUT A TARUI ATI0ON OF THL BLADF DATN SCALFD TO
55 PRINT "~

756 PRINT "ENGINEERING UNJTS, PRESS ""SCALED DATA“"."

57 PRINT =~

758 PRINT "PHFSS “"GO ON"" YO TERMINNTE PROCHKNAN."

759 PRINT "~

7€0 OH KEY 1 LADFL "SCNLED DATA™ GOIO Frntscldb) adiat

61 OM KEY 4 LNABEL “60 ON" 6070 Lu~vioption)

767 Spini2: GOTO Spint?

163 Prntachiibloahiat: itASS STONNGE [S “/CLASSICK/REDDATA™

764 ASSIGH & att 10 Sclbladifilet

765 PRINTER 1S Prnter

766 PRINT “ecssovov oo reaccnsngegatsrseeotocvaaentsaecagtsdsnegsne”
767 PRINT “ALADE SCALED DATA FILE “,Sclbladf1led

768 PRINT “vsescacasvtososcavvenenareanuapetupscosveesanereengonnoe”
753 PRINT =~

770 PRINT "PROUF DATA ASSOCIATED WITH THE BLADE DATA 1S CONININED”
T PRIMT “"{N FILE: " ,Sclftles

R PRINT “SCAN:" , Scan

773 PRINT "SCANIVNALVE PRESS (INCHES HZo)"

774 PRINT “PORT"

778 FOR M-1 T0 48

778 ENTER PiathA(Proldafat) H)

m PRINT USING “ND, 20X ,MD.30E" N Pirntdatal 1 ,N)

778 NEXT N

7719 Lowjoptiont: PRINTER IS Scron

782 PRINT "oseasossssprecnsesocesreatostassastneoeassregsnsrossaprssennn®™
781 PRINT =™

782 PRINT “T0 LOAL FROGRAN TO REMUCE THE ACQUIRLD DATA"

783 PRINT =~

784 PRINT "PRESS ““CALC"". PRESS ""GO ON"" TO TERMINATE THE FRUGHAN™
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785
786
187
788
m3

791
747
7913
794
745
736
797
798
799

TABLE B13 (CONTINUED)

PRINT “"

PRIN! “osocvrccavrranrsararesstecerauecngusaersinagasagtagyacessna”
DN KEY 1 LNBEL “CALC" GOTIO Loadupl

O KEY 4 LARLY. "GO ON" GOIU Fin

Spint3: GOTO Spint3
790 Loodurd: MNSS STURNGE IS "/CLAYSICK/PROSS™

Fin:

LoAD “CALC” 19
PRINT “voaresran s v et spesces s st st srap o ressatostvaatotsovpreg”
PHIMT “ost 22080 rsosnsoreervs? i sepssrrsstanssiessenpatsnytonsrsnrss’
PRINE "
PRINI END OF PRUSTINI

PREMT "¢

PARINT “evosvasnrearareasst it st s arcanesssotresqsissnnosonssseccene”
PRINT "o n 0o sssnseensenessadss s st oRisenvsonisnatsnsbonpesvensssse’

END
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736
T3¢
738
739
740
711
743
114
715
716
747
718
749
59
7514
%52
153
751
755
746
787
759
169
761
763
764
765
‘166
6
759
710
A
772
773
T4
115
776
17
T
19
769
181
787
73
784
4%

TABLE

SUBACQUIRE PRO

'ﬁh&g ?Yrgtggh?;lNS THE SUFFROGRNANS
fPORTS NND RENDING THE DYM,

SUB Senvporipocit(Scnv, Dy, Serhimsve, Scnsipuve)

B14

GRAM LISTING

FOR POSITIJONING THE SCAHIVALVE

I THF STRUCTUKE OF THIS

ISUIPROGRAN TS STMILNAR TO PREVIOUS
YACQUTSTITION PROGRNNS WRITTEN AT THE

IPL. SEE GEOPFARTH THESIS.
OFTI0ON BNSE
COM /Posttvirbls/ Svc,Scn
Pos1{:0UTHUT Svec UISING “# K" (Secny
-5PMLL(Sve)
U=BINAND(Z,15)
V-SHIFT(2, 4)
T-BINAKINVY,7)
P=t@r T1t) 1P IS THE FRESENT FOHI THAT THL
PSCANIVALVE 1S ON.
CLEAR Svc
IF P=Dp THEN Retrn
IF P>y THEN
OUTI'UT Sen USING "Z2"3Scnlimuve  THOHE THE SCANIVALVE
CLENR Scn
WAt A TALLMY 4 SECONDY FOR THE HOME 10
tCOILETE.
GO0 Fosit
ELSE
OUIFUT Scn USING "22";Scnstipsve 'STEPM THE SCANIVALVE
CLENR Scn
walT IUAIT 1/1@ SEC BETUEEN STEFS
G010 Fosit
END IT
Retrn: Vi nn
SUB RecdivmtUp Chianlasipn)
OV TI0N BASE
COM /Positvrlls/ Svec,Sen
CON /ReadvrUls/ Scan,Dvh,Scanvh(1,48) , Temprtan i, Yauchan o, Senyzwching, Scrts
COM /Ramdvibls/ Yawchnrdl | Scoyawchm, Senyawchnl  Maxidif
OUTHUT Sen USING "17"iChan)muinn fCHANLASIGN TAKES ON THE vnL UL
IASSEGNYD 10 [T BY FHE CALLING
ISTATERENT IN TiE MNIN PROGINAN.
DUIPUT DvertF 4 Tn3.0000t 3 ISTAHONRD SETTING FOR THE DVM.
ISETS THE FUNCTVIDNS ON THE PANLL .,
Sample: DN AUS)
MAT A (0)
FOR I-1 10 5 HTAKE S RLADINGS AND STORE IN THY
1°A° NRRNY
TRIGGER Dvm
EMTIR Dvegn(1)
AvprSUMINA)Y /T IAVERNGE THE & RENDINGS
Dev~n(1)-Avg
IF Dev>Maxdif THEN TERROSY TR FOR ST'URIDUS DVH RENNIRGS
PRINT "SNIMLE EXCEFNED HAXIHUN OEVIATION ALLOUED- SN € RETAKEN"
GOV0 Sermple
FMDN TF
waly L3
MEXT 1
IF Noufprbe- 1 THEN Heodone
I[F Ch.nlastyn=Secordsveb THEN
Scanvi 1 ,Dp)eSUN(N)/G
ELSE
IF Cliandnetgne Scnyeuchinl THEN
Yinachne dU-SUNMCAY/S
El SF
If Chonlastrme Senyovching THEN
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TABLE B14 (CONTINUED)

05 Yauchnrdn=SUMCAY /S

787 EL SF

mo GOT0 Temprand

784 END IF

749 M) IF

791 END IF

792 Asadone: TF Chanlastygn sScneiave THEN
783 Scanvlit 1 Iy )=SUMCAY/S

794 ELSF

4% IF Chenlasign:Senyauchn THENR
796 Yauchned=SUiCAY/S

7497 ELSE

798 Tespurzcort: Yenpolned=SUH(AY/S

799 ENL IF

320 EMND IF

aol IF ChaulrsignsScnr dsvea THEN Scenvea( ) D) S A /G

H2Z Retrn: CLENR Scn
803 SULKND
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f ks
77
287
97
307
317
321
322
323
324
325
326
a7
k¥
347
357
360
361
362
363
67
367
377
387
397
497

19
20
Zil
&7
267

361
362
363
364
k1Y)
377
367
337
407

TABLE B1S5

1OSSCAIC PROGRAM LISTING

| THIS SUBPROGRNAM 1S AN ADNPTATION OF SHREEVE'S INTEGRATION ROUTINE

IGIVEN IN APPENDIX B OF NPS-57SF73071RA

SUB Datint(lLoupoint H.point D(¢) Posit(s) Datint)

OPTION BNSE |

DIH AL 102)

DIN B(100)

Din CliGe)

DIN Dint( 100)

MAT A= (O

MNAT B= (@)

HAT C= (®)

NAT Dint~ (O)

N-Hipoint-1

Nmi=N-1

FOR te«loupointt! TO N
ACIYe(1/(Postt(141)-Fostt(I-1)))e(((D(1+1)-D(1))/(Posit(I+1)-Postt(I)))-(1
B{I)=((D(I)-D(I-1))/{Posit(]1)-Postt{I-1)))-C(Posit{I)+Posi1t(I-1))eA(I)}))
CODI=D(I)-(ALT)ePesttlI)"2)-(B(I)*Posit{]))

NEXT 1

Datint-0

FOR l=Lowpoint+) TO Nm!
Dint(I)=(A(I)+ACTI+1))o(Posit(14i)"3-Posit(1)"3)/64(B(1)+BLI+1))e(Postit(l+]
Dotint=Datint+0int(]1)

NEXT 1

Dint{1)=A(2)9(Postt({)"3-Posi1t 1)°3)/234B(2)s(Posi1t(2)"2-Post1t{1)°2)/24C(2)
Dint{N)=A{N)*(Posit(N+1)"3-Fosit(N)"3)/34B(N)s(Posit{N+1)"2-Posit(N})"2)/1+
Datint=Datint+Dint{ 1 )}4Dint(N)

SUBEND

1 THIS SUBPROGRNM 1S AN RDAPTATION OF SHREEVE'S INTEGRATION ROUTINE .
VIGIVEN IN AFFENDIX B OF NFS5-575F73071A TO BE USED FOR MIX LNSS

SUG Uatinti{louwpoint Hipoint Die; Fosi1tte) Datinti)

GFTION BNASE |

UlH AL 1007

DIH B( 19002

OIH CCtod

Uin Oint 1027

HAT A= ()

HAT B= {07

HAT L= (0

HAHT Oint= (@)

N=Hipo:nt-1

Nmi=h-i

FOR I=toupoinit+! TO N
ACTIeti/¢(Fosvt{I+1)-Fosat{l-122/31100 (T2 17-0(1.:1/{{Fosrti{l+1)-Fos1ttl)
BT o= (D(1)-D1- 111/ ¢{(Fos1til1-Fosrt(l1-111/317-((Foesi1t(11/3+Fos1til-1)/3)e
COIs=Ol1)-CAcTre{Posrt(1)/3)° 2)~-(B1)e(Fosxt{l1/30)

NEXT 1

Uatinti=@

FUFR 1=toupoint+i TC Nmi

Dintdli=(Adlr+A{T+ 1) 1e{(Foa1t{l+11/3) 3-(Fos1t(1)3/3) 3i/6e{B(T11+B(1+1rr0(d
Datinti=Uatinti+Cint(]1)

NEXT 1

Oint ti=fC2re/ (Fos1t{Z1/3) 3-{Fos1t{1/3) 31/3+B{(21e((Fos1t(2)1/3) 2-(Fosit -
ODint{(PF r=fi(NIe{(Fos1t(Nel1)/31 3-(Pos1t(N1/3) 3)/F+BINret(Pos1t{N11)/31 2-(P
Uatinti=Datinti+Oint{ 1 )+D1nt{ N}

SUBEND
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TABLE Bl6

CPBLADEPLOT PROGFAM LISTING

) 1 HULNIIN LPELHUEF LU

4 VPROGRAN FLOTS HASS " VERAGE) BLAOE COEFFICIENT OF FRESSURE AGAINST

3 VTHE FRACTION OF CORD x/{ FROH THE LEADING EODGE.

5 H1SS STOURNGE 15 " /CLASSICE, ‘ELTMTn

? INFUT "ENTER THE HAHE OF THF FILE CONTAINING THE BLADE CF*S .Cpfiled
X AS5S1GN BFatht 10 Cpfiled

)! OFTI0N BASE

tz Ulh (pmassavgl 46

15 DI Xocl @)

16 HAT Cpmassavg~ (0

19 fTn 896.5,94.6,99.8,66.6 F .5, 7i5.8,7)1.5,64.1,56 7,45.3,41.3,34.3,76.3,i5.8
134 REAT {ocuey

b ENTER €FachijCpmassavg! s *

4 GINIT

be FLOTTEIC 1S CRT,VINTER AL

61 P STREEN

bi FEY L.l OFF

70 GFriHITS O

73 K qgau_max=to@eHnK( 1l F’OTI0)
74 T_gdu_max=1@deHna 1, H/RATIT)
75 LUy 6

76 FOfe 1=-.3 T0 .3 STEF .1

77 HUVE X_qru_maxs¢11, 1 _gru_mox
78 LtnBtl "Op v5 PERLENT CHORD
73 NEXT 1

63 Ot G

64 LUIR 3@

65 HOVE 2 v _qru_maxs2

nh LactL  op

67 LDTR @

(133 HOvE X _griv_mAx/Z,. 17 _gou_max
€3 CS17F 3,1

51 LotsFL Ks7C FERLENT CHORD

52 VIEWrORT . lex_gru_max,.95¢x_qdu_max,. 1507 _ndu_max,.9*y_gou mex
54 F Fonif

85 UTHIOW @ 10¢ t,¢ -1 .6

.,
96 fares 5,.7.,9,1
87 CLIP OFF

RL:] €512 7.5,.5
39 LORG 6

Ve FORR 19 70 109 STEP 1@

101 Hove T,1.@2

tot LOBEL USING "#,K sl

1¢3 NEXT 1

104 LU B

1e5 FOR 1=-,.6 T0 1.9 STEF .4

1€6 Hve -.6,1

1e7 LABEL USING "DU.0ir ¢ 1

teh NEXT 1

169 FORR N=- T0O 70

I3 FLOT Koo(nN) , Cpmassavg(Nt3)

tld NEXT N

FiS  FOfr 1= 10 2@

g FLOT KoctZi-Ni,(pmassavg(22+N)
1172 NEXT N

(RE:] END)

.@,2.,2,1
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TABLE B17

BETAPOSIT PROGRAM LISTING

[] ITFRUONINE DL Fin VoL
1 IPROGRAN PLOTS BETA V5 PROBE FOSITION

4 HSS STORMGE 15 “/CLASSICK/REDDMTA

7 INFUT "ENTER THE NAME OF THE RECUCED OnTh FILE" ,Calcdats
19 ASSIGN ®Fathi TO Calcdat$

1 OPTION BASE |

12 OIH Calci 102,257

17 HAT Calc= (@)

e Scan=49

26 ENTER @FathliCalcie)

50 GINIT
6@ FLOTTER IS CRT,"INTERNAL"
61 CLEAR SCREEN

62 KEv LABELS OFF
79 GRAFHILS ON

73 K_gdu_max=100eHaxk( | KAT1G)
74 T_pdu_max=10d*HAX( ] 1 /RAT1O)
75 LORG b

16 FOR I=-.3 70 .3 STEP .|

77 HOVE K_gdu_max/Z211,v_qdu_max

78 LABEL "BETAZ VS PROBE DISFLACEHENT™
75 NERT 1

53 LEG

o4 LOIR 90

85 HOVE @,v_gdu_max/2Z

:5] LABEL "BETA2 (deg)”

&7 LDIf @

3} HOVE A_qdu_max/2,.1¢v_qgdu_max

63 C51Z€ 3,1

9t LaBrL "SFAN (tn) "

82 VIEWFORT . teX_gdu_max,.99°Xx_gdu_max,.|15¢7_gdu_max,.5e7v_gdu_max
34 F FeiHE

95 WINUOMW -5,5,-2.,6

LE) nrEs .t+,.2,-5,-2,5,5,2
97 CLIF GFF

9f CS512F 2.5,.5

99 LORG 6

129 Fofe 1=-5 10 5 STEF
tel HOVE 1,-2.9!

1e2 LABEL USING “# ,K"¢l
103 NERT 1

1 @4 LOf> 8

(K2 FOR I=-2 T0 & STEF
106 HOVE -5.1 .1

197 LABEL USING "O0D.U"s1
108 NEXT 1

199 FOR K=i TQO Scean

(A K] FLOT Calc(K, t), Calcik, 9)
14 NEKT K

v ENL
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TABLE B18

PRESSPLOT PROGRAM LISTING

1P HUUNMN PREEPUREE
1PROGR(N PLOTS PREF-PT/GREF VS FROBE FOSITION
HISS STORMGE IS5 "/CLASSICK/RECDATA™

INFUT “ENTER THE NAHE GF THE RECUCED DATA FILE" ,Calcdats
ASSIGN &Fathl TO Calcdats

OFTION BRSE |

UIN Calcl{126,25)

Hi1l Cale= (@)

Scan=76

ENTER ®FsthiyCalc(e}

6INTT

FLOTTER 15 CRT,"INTERNAL"

CLEAR SCREEN

KEY LAGELS OFF

GRAFHICS ON

A_gdu_max= |@@eHHX( |  RIMTIG)
Y_gdu_max=10d*Hax( !, I/RATIG)

Lo 6

FOR I=-.3 TO .3 STEF .|

HOVE X_gdu_max/2+1,7_gdu_max

LABEL ‘Pref-PtZz/Gref V5 FROUBE DISFLACEMENT{REF )™
NERT 1

OEG

LOIf 3@

HOVE @,v_gdu_max/7

LAEEL "Frel-Pr2/Qeet”

Li'T v @

HOVE A_adu_max/2,.)*v_gdu_max

CSIZE 3,1

LABFL "BLADE-TO-BLADE( 1n) "

VIEWrORT -1eX_gdu_max,.89¢4_ndu_max,. |5«v_gdu_max,.Be¢r_gdu_mnx
F [AHE

WINUOW -3,3,9,.7

AXKES .1 ,.91,-3,0,5,19,2

CLIF OFF

C517€ 2.5,.5

LOFG B

FOv 1=-3 T0 3 STEP |
HOVE 1,-.01

LIBEL USING "8 K1
NEAT 1

LORG &

FOR I=1.@ TG & STEF - .1
HOVE -3.1,1

LABEL USING "DD.DU 31
NEXT 1

FOR K=1 10 Scen

FLGT Caleik,1) Calc(k 16)
NEAT K

END
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TABLE B19

VVREFPLOT PROGRAM LICSTING

. THEIMUORMIY Y YRCFT LUt

2 IFROGFNH FLOTS V/VREF V5 FROBE FOSITION

4 Hi155 STORMGE 15 “/CLASSICK/REDUMTR ™

5 INFUT "ENTER THE NAHE OF THE REDUCED UATA FILE  ,Calcdats
() 5516 &Feath? T0 Calcdsts

9 OGP TION BRSE 1

K4 OIR Calct 199,25)

H HAT Cale= (@)

12 Scan=78

] ENTER ®FathZiCalcie)

50 GINIT

652 FLGTTER IS CRT,"INTERNAL"
7] CLEAfc SCREEN

62 KETY LABELS OFF

70 GRAFHICS ON

73 A_gdu_rax=1@eMrx( | RNT10)

74 Y_gdu_max=10d*Hax{ }, I/RNTIG)
5 LORG &

76 FORR 1=-.3 TO .3 STEP .|

77 HOVE x_gdu_max/2+1,7_gdu_max
78 LABEL "V2/Vref VS PROBE DISPLACEHENT(REF )"
5 NEAT 1

63 8¢}

64 LOIR 9@

&85 HOVE @, v_qdu_max/2

66 LTy "VZ/Vret™

67 LOIr @

66 HOVE X_qdu_max/2,.1*v_gdu_max
69 CS5I1ZE 3,1t

9t LABEL "BLADE-TO-BLADE(INY"

52 VIEWFORT .1eX_qdu_mex,.98+X_gdu_mex,. I15¢y_gdu_max,.9*7Y_gdu_mnax
54 F RiyiE

55 VINDOW -3,3,.5,1.9

856 fAxES . t,.@1,-3,.58,5,18,2

87 CLIF OFF

96 C512F 2.5,.5

83 LORG &

162 FOR 1=--3 T0 3 STEF 1

1@l HOVE 1,.49

162 LABEL USING "8 K" 1

123 NEXT ]

104 LORG B

105 FOfc I=1.@ T0 .5 STEP -. |

166 HOVE -3.1,1

107 LABEL USING "DD.ODv 1

106 NEAT 1

125 FOR K=1 10 Scan

113 PLOT Calc(K, 1) ,Cale(K,7)/Calei(k, id)
1id NEXT K

17? END
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APPENDIX C

REYNOLDS NUMBER CALCULATION

Reynolds inumber calculation was added to the "CALC®
program. This capability was added primarily to £find the
Reynolds number for the (averaged) inlet flow, however it will
also calculate the value for the (averaged) downstream flow.
The value in general should be calculated over the same three
inch interval used for loss calculations and will have the
same lower- and upper-integration scan numbers as the loss
inputs in most cases. However, the ability to use a different
interval is provided by having the ability to enter the
desired 1limits for the selected scans of a three inch
interval.

Lines 2514 to 2530 of Table Bl contain the Reynolds number
calculation process in program "CALC." Line 2577 of Table Bl
produces the output in the reduced file printouts. The
following 1is the analytical development for the Reynolds
number calculation.

The Reynolds number (based on chord) is defined as

re = LYC (1)

Properties vary at the inlet so integration is required over

one blade space; thus
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_(° oV <y s pVv pref prefVref 5
ke j} 13 dS(s) Of ¢ prefVref p ds( pref ) (2)

which reduces to

prefVref (s k1 ] [“Ief]ds (3)

Re =
° pref o  cosf1 B

The ensemble average of survey span Reynolds number is then

defined as

p‘ -~
Re_ = a(—2) vref (s Ky ) ( pref)ds (4)
RT," fref) , " cosp, M

with subscript p denoting the plenum (reference) condition.

Introducing Sutherland's Law for the viscosity

3
B _ 0.063329T7° (5)

™ 198.72+T

and using the calculated value X from measurements to f£ind T

T = T (1-X?) (6)
then,
K T 198.72+Tp
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The integral in Eqn. (4) is then

sk
I= fo_( ) Uds

8
cosf, (8)
which gives
-p’\ A
Re = 120(—X2) vref (9)
RT, fref
where
. 3
198.72+Tref
and
fref = T, (1-Xref?) (11)
Eqgn.

(9) was used in the calculation of the Reynolds

number in program "CALC" with the intermediate steps of

determining pref, Tref and the integral I using Eqn. (10),

Egn. (11) and Egn. (8) respectively.
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APPENDIX D

CALCULATION OF COMPRESSIBLE MIXED-OUT CONDITIONS

RN

v

\

Fully Mixed

Plane
Measurement
I Plane
[
x(1)
|
-3
Inlet [Ptref | | v
Plane |[Ttref
Vref z(k)

Figure D1. Fully Mixed-Out Conditions for a
Stationary Cascade

Dl. FULLY-MIXED-OUT SOLUTIONS

Figure D1 illustrates the concept of fully-mixed-out
conditions for a stationary cascade. For loss calculations,
the mixed-out conditions must first be calculated from
measurements made at both station 1 and station 2. However,
the procedure will only be shown here for station 2 to
hypothetically mixed-out conditions at station 3. The

procedure from station 1 to fully mixed-out is the same. The
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present procedure [Ref. 12] was found to be consistent with
the method of S. everding and Starken [Ref. 13].

Measurements were made at station 2 where the flow was
non-uniform. Uniform (fully-mixed-out) conditions at station
3 were calculated from those at station 2 using conservation
of mass, momentum and energy for the control volume labeled
ABCD.

Assumptions are made that the flow is steady, that the
gas is a perfect gas with constant specific heats and that the
stagnation temperature is uniform throughout the flow.

Conservation of energy is satisfied by the assumption of

constant stagnation temperature, thus

Ty =T,y = T, (1)

Conservation of mass yields

p,V,cosB, = fspzvzc:osﬁ2 (2)
0

Conservation of momentum yields

0 = LBVdmZ—LCVdfh3+fABdf2+LCdf’3 (3)

where dF is the component of force on an elemental area of the
control volume's surface. No contribution to the conseirvation

equation results from the periodic conditions along BC and AD.
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If the integral of the shear stresses over AB is
neglected, the component of Egn. (3) in the x-direction

becomes

p,V,%cosP,sinp, = f: pzt/'zzcosﬁzsinﬁzd<isf) (4)

With no assumptions, the component of Egn. (3) in the z-

direction becomes

1
P, + p,V,%cos?P, = f (p2$g2c0s232+E5)d({§) (5)
0

Equations (2), (4) and (5) give conditions at station 3 in
terms of those measured at 2. Using the equation of state and
constant stagnation temperature, the four unknowns (P;, p;, Vi,

B;) can be reduced to three. Introducing the limiting velocity

V, = J2C,T, (6)

which, here, 1is a constant, and defining a dimensionless

velocity as

v
X = A (7)

the steady flow energy equations and isentropic relationships

give
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T _q1_x2
=X (8a)
=X
L oo(1-x2) 7 (8b)
P,
_p_=(l_X2)T’_1 (8C)

Multiplying the left hand side (LHS) of Eqgn. (4) by

1

PesVe”

and the right hand side (RHS) by

= (= )
P2V ¢y 2

and using the equation of state with T, as constant,

1 _ 1 L
E%T&f(l—ﬁgz)Y'lcosBBSlnﬁ3=fﬂ.szgz(l—kgz)7'1cosﬂzsinB2d(f§)(9)

Similarly, from Egn. (5), noting that 2Cp/R = (2y/y-1)

Y 2 1
Pea L (1-3,2) VT (21 %2 (1-%.%) T cos?B,) -
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1

Y
fl P, (1-X,2) Y“1+(-Y%Y—1—)X22(1—X2) TTcos?p,ld(X)  (10)
0

and from Egn. (2)

i
P ,X, (1-X,2) lcos[s3f PX, (1-X,2) Tocosp,d(X)  (11)

Equations (9), (10) and (11) are three equations for unknowns
P.;, ¥X; and B;.

Identifying the three RHS integrals as

Py

1}=fl.wag(l—xgz)Wficosﬁzd(if) (12a)
0 s

1
Izzf: P.X, (1-X,%) ¥1 cosstinﬁzd(—)—S() (12b)

1 A= . . 12c
L[ Pl ex) T (2 ki (o) Tieosplac ) (2

and eliminating P,; by dividing Egn. (11) into Egn. (9) and

Egn. (10) yields

. I
3351n33=3ﬁ= (13)
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Similarly, dividing Egn. (11) into Egn. (10) obtains

. 2y 2 2
1-x,2 X
2 RGN (14)
X,cosP, I,

Equation (13) and Egn. (14) are simultaneous equations
for X, and B; in terms of A and B, which are known from

measurements. Squaring Egn. (14) and substituting for cos?B,
using Eqn. (13),

; 2Y 1. :
B2{2-B2A% - ll-(Y_laAz*(—L—;lixﬂa (15a)
which is also
Y+l yvip a o Yty 1 2Y 2) ug?y 2,{[] - (2 2y2,8227 o 15b
( _1)}.’3-&{2,7‘1)[1(7__1)A]B,,+{[l(1_1)A]+B } = 0 (15b)

Equation (15b) is a quadratic equation for X,?, yielding an

explicit solution

»_ ~Ds\/D?-4C 16
%, - (16)
where
c= (X1 (17)
vy-1

D-2 (Y*1) [1-(2Y_)a2)-B2 (18)

y-1 y-1
E:[1-(%YT)A2]24B?A2 (19)
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The alternate s*gns in EqQn(l16) correspond to subsonic and
supersonic roots. ([Ref. 13] When X. is known from Eq... (16),
B8; is given by Egn. (13), P,; by Egn. (11) and P, by Egn. (8b).

These are the fully-mixed-out conditions.

D.2 INTRCDUCTION OF REFERENCE CONDITIONS

In practice, when probe surveys are conducted to obtain
the integrals in Eon. (12), fluctuations occur in tunnel
supply conditions. The integrals in Egn. (12) are to account
for spatial variations in properties. If time variations
occur, the eifect on the spatial integral can be minimized by
referencing the integrand to tunnel reference conditions at
the time of the measurement (Duval [Ref. 9]).

Ptref, Ttref and Xref are defined as the tunnel reference
conditions at the time of each individual measurement, and ;Pf,
%Wf and kwf as the ensemble average values of the reference
conditions cver all points in the integration interval.

The conservation of mass equation is divided by the

reference mass tlux

1
: Lo 2y 2y ¥-1, Ptref 20
fvrel = (=) Xref(1-Xref®) ¥ (20)

prefvre ( Y—l) ref(1-Xref*) \ Vtref)

and the momentum equation by the refer2nce momentum flux
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1
prerLef7:(T%lf)Xzef:(]ﬂXrefz)7‘1Ptref

(21)
Dividing Egqn. (1l1) by prefvVref with Vtref = constant,
-1 1
. P X, (1-X7%) "= cosf Pt, X, (1-X,2) Y Icos
Il:fl tah2 21_ (%')= 355 ( E t’ﬂ3l (11a)
0 ) 5 —
PtrefXref(l1-Xref?) 71

PtrefXref(1-Xref?) 11

Cividing Egn. (9) and Egn. (10) by prefV’ref

1

J2) YlcosP.sinp,

4,
i}
%
o [

o
&
3
et
[
Ju—
¥
N

1
) o Pt,X," (1-X,%) Y'lcosP,sinp,

1

0%

1
Ptrefilref?(1-Xref?) 1

(9a)
L, 1
Lo Fe - Y‘1+(;_L1)X22(1—X22) "1cos?f,]

(10a)
: d(Z)=
PtrefXref¢(1-Xrer?) 11

Y 1
P, [(1-X,%) Y‘l+($_y—l‘X3‘(l—A’3‘) Y"lcos?f,]

P

PrrefXrefi(1-Xref?) 7t

Div.ding Egn. (9a) and Eqgn.

(10a) by Egn. (1l1l1la)

> _sinf.=—%
ref B“

-

~

I

and
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[(1—2%2)+(7§}%))gzcoszﬁ3]

ol

X,XrefcospB,

This leads to the following equations:

N T.
A=Xref( ?2) =X,sinf, (22)

1

A [(l-XBZ) + Y2Y )X320032B3]

. oa f n
B=Xref(=2)= 1 (23)
1, X,cosf,

The solution for X, is given by Eqn. (16) using A and B
in Egn. (18) and Egn. (19). Then, the mixed-out-flow
conditions are given by

., A
B,=sin ltzg) (24)

o

1
.- PtrefXref(1-Xref?) Y1 1,

3 I (25)
X, (1-X,%) Y"1cosP,
e (26)

Py=Pt, (1-X,?)
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APPENDIX E

FULLY-MIXED-OUT FIOW SOFTWARE TESTING

El1. INTRODUCTION

After coding the fully-mixed-out flow calculation within
the software developed by Classick, a test of the software was

required using an initial profile for which the mixed-out

conditions could be determined exactly. By applying the test

case, it was possible to determine that there were no

fundamental errors in the programming.

Figure El1 shows the selected test case for which the

analytical solution was programmed on an HP 9830A ([Ref.

11}
computer.
x =0-1.5 x=1,5-3.0
XE= 0.1 X,= 0.05
g = 20,0 g =20,0
P = 401" water Prref = 430" water
P= 400" water T, = 520°R

Figure El. Fully-mixed-out Flow Test Case

The test case was provided to "LOSS" as a reduced file

for inlet tlow angles of zero and 20 degrees. Zero degrees

was chosen to ensure that the flow angle did not change as a

result of calculation errors. The value of 20 degrees was
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chosen to provide a reasonable test against the predictions of

the analysis program.

E2. "LOSS" TEST CASE CALCULATIONS

"LOSS" was used for the test cases of zero and 20 degrees
initial angle. Figure E2 shows the output at the =zero
initial angle, which produced no change in the mixed-out flow
angle, as was eXpected. Figure E3 shows the output for 20
degrees initial angle, which is shown in comparison to the

analytical predictions in Table E1l.

E3. INDEPENDENT PROGRAM CALCULATIONS

The analysis program used closed-form expressions for the
integrals involved in calculating the values of X, Pt, Ps, and
yaw for the mixed-out flow (Appendix D). Figure E4 shows an
output of the test case at 20 degrees initial flow angle using
the values provided in Figure E1 along with a listing of the
analysis program.

The analysis program was also used to look at the effects
of changing initial velocity, angle, fraction of the flow at
high velocity and ratio of high to low velocity on the mixed
out values of X, yaw, Pt and Ps. Some results are tabulated
for cases with the flow equally divided between high and low

velocity in Table E2.
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LOSS CALCULATION RESULTS FOR STATION TuD AND MIXED FLOW RESULTS.
L Y S Ty N Py R P T P PP Y Y YRR P T Y PR TR

USING FILES L-27FEBACALC U-20MARTESTO

X2REFAUG PZREFAVG  FPAUAUG
1.430E-01 3.000E+Q1 4.000E+02

INTEGA INTEGC INTEGY INTEGD!L! INTEGDIZ INTEEDI3

2.334E400 2.736E+00 9.69BE-@1 1.752E+02 2.505E+01 2.505E40Q1

NUMERATOR INTEGB INTEGZ THTEGNT INTEGHIZ INTEGNIZ

1.516E+@@ 1.413E+00 -8,790E+0)1 9.0B6E+Q! @.Q00E+@® 1 .256£+03
DENOMINATOR

2.345E+80 '

STATION TWO RESULTS

STATIC PRESSURE RISE COEFFICIENT
-2.7Q7E401

AUDR
6.462E-01

LOSS COEFFICIENT
1.S@QE+0R

1ale 17AV6 13AVG6 AAVG BAVG CAVE DAVG
S5.186E-01 Q.000E+00 S.014E+0) 0.Q00E+0Q 1.382F+0) 3.500E+01-1.731£+02
EAVG

1.0008 00

XMIXFLOW  YAUMINFLOW FPTRATIQ
7.476E-02 0.00QE+RQ 9.554E-0Q!

PSMIYFLOW CPTMIXFLOW
4.QZRE+Q2 9.554E-0!

K3 Xab 2
5.186E-01 4, 955€-0@1

INTEGU INTEGT THTEGY
4.156E-02 1.556E+400 1 ,486E+0Q0

MIX FLOW RESULTS
MIX FLOW STATIC PRESSURE RISE COEFFICIENT
4.213E-01

MIX FLOW AVOR
6.5X5E-0)

MIX FLOW LOSS COEFFICIENT
9.570€-9)

Figure E2. Test Case Loss Printout--Zero Yaw Angle
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LOSS CALCULATION RESULTS FOR SYATION TWO AND MIXED FLOW RESULTS,
VIO PPIRIIINNNR P RNSRRRTRINRNIS NSRBI NNNAPEBRNNBNERPPRBIRANPPRGIERES
USING FILES L-27FEBACALC U-2@MARTEST20
-3\ I-48&
XZREFAUG  PIFEFAUG TAUALG
1.430E-01 3.000E+@! 4.00PE+02

INTEEA INTEGC INTEGY INTEGDI INTEGDI2 INTEGDI3

2.334E400 2.236E+00 9.69BE-91 1.752E+02 2.505E+@1 2.S0SE+01

NUMERATOR INTEGB INTEGZ INTEGNI) INTEGNI2 INTEGNTZ

1.S1GE+00 1.413E+008 -8.79CC+Q! 8 SISE+Q! 2.435E+00 1.250E+03
DENOMINATOR

2.345E+00

STATION TWO RESULTS

STATIC PRESSURE RISE COEFFICIENT
-3.707€+01

AUDR
6.463E-01

LOSS COEFFICIENT
1.508€+00

11AU5 12606 13A06 AAUG BAVG CAVG DAVE
4.B74€-@) 9.719€-92 4.989E+01 2.852E-02 V.4G4E+@| 3.6@0E+01-2.024E+02
Frue

i.163E+00

XHIXFLOW YAWMIXFLOW PTRATIO r?
7.595E-82 2.203E+01 9.554F-0) Leellos = H0, B2%

PSMIXFLOW CPTHIXFLOW
4.026E+02 9.554E-0!

K3 X<K3
4.974E-01 4 .65E6E-01

INTEGU INTEGT INTEGY
3.547€-92 1.467E+QQ t.397E+Q0

MIX FLOW RESULTS
MIX FLOW STATIC PRESSURE RISE COEFFICIENT
4.297e-01

MIY FLOW AVDR
6.235€-01

MIX FLOW LOSS COEFFICIENT
5.563E-01

Figure E3. Test Case Loss Printout--20 Degree Yaw Angle
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TABLE E1

COMPARISON OF "LOSS"™ AND ANALYSIS PROGRAM

Mix Flow Condition
Yaw
X

Total Pressure

Static Pressure

"Loss"
22.09°
.07585
410.822" H,0

402.6" H,0
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Analysis
22.08°
.07584
410.829" H,0

402.61" H,0




10 REN----- sxsxaHOTCraRRRE-—wmnm R.F.SHPEEYE~----- R/4/¢60
20 REN---—-- FPOGRAN 10 TEST THE CALCULATICN OF FULLY HIXED OUT
20 REN--=--- FLOH FROM R CASCALE \
40 REN : )
50 REN----- DAIA STATEHENTS |
£0 Gi=1,4 ,
79 F2=420
g0 FA=400
20 F2=491
100 ¥i=0.1 ,
118 F0=0.5 \
120 69=0.5
130 p2=20
140 PEG '
150 REH----- CALC. INTERMEDIATE VARIABLES :
160 FE=F2/FQ '
179 G2=G1/¢G1-1)
120 F9=(1-FO)>/(}1-(GOx11)12)
129 %8=1-(10-F9)4(1/6G2)
200 12=S0RNA ;
210 v2=(1-%92%I)/ L1 -R18X1) '
229 v1=H1Y ]
270 FEH-=---- CALC OF 11512+13
240 I1=FEs7|2v28COSR22(FO4FIGARCY-R121))
250 12=FEsv1#V1#YI5COSR2*SINR22C1-F22(1-G02G0)) !
260 [23=2%G2%7187i#7V22C0SB22COSR24¢1-FI#(1-GORGR)) "
270 [23=F62((1-XR)/XA+[I)
220 REH------ CALC. COEFFS. 1N SOLUTION
220 Ai=R9s12/1 <
300 B1=X22]3/]1 : !
310 C1=((GI+1)/¢G1-1))12
220 C9=§RRCI i
330 PI=23CO%(1-2%G2*N1*N1)-P]*B]
349 EL=(1-2%G2*A15A1)12+B1*R11ARLANY
250 H4=(-PI+SORCDIEDI-4¥CIREL))/C23C1)
360 ¥S5=(-T1-SAR(DI¥DI-4*CI*E1))/(2:C1)
270 FEN-FRINT "FOSITIVE ROOT® ¥23="SORX4} "HEGATIVE RONT: X3="SORXS
220 PEM---~- SELECT SHALLERCSUBSONICIROOT
320 ¥2=20RNS
400 Z=A1- 13
419 BI=NTN/Z/SPR/1-222))
420 F=FORN28(1-13UI) 211/ (X34 (1-%I*XI)$COSBI)
420 P4=F2Rx({-RAK) 1 (-G2) !
449 FEM----- cALC. S1AGH, FRESSURE IN
450 Fr=F2%(1-¥1#21)1(-G2)
460 FR=F28(1-(GO#X1)12)1(-G2)
479 REM----—- FRINT SECTION
420 FRINT "INFUT DATA"
420 FRINT "--wmmemees "
s00 FRINT
S10 FRINT "{A="Y¥1"DVEP"FO"OF BLADE SFRCE"
$29 FRINT "X="¥1*G@"QYER"1-F@"OF BLADE SFNCE"
529 FRINI "F2="F2) "BEIA 2="R2
549 FRINT "P1A="F71"FIB="F8
550 FRINT
555 FRINT “(FREF="FO} "PTREF="F9")"
556 FRINT
560 PRINT anrULnlEn MIZED OUT FLOW®
570 FRINT "omommiomm e ceeeeee
see FRINT
520 FRINT "X3="43 . )
£09 FRINT “B3="83 , A
619 FRINT "P3="P3 .
€290 FRINT "PT3="F4
£20 STOP /

Figure E4. Analysis Program Listing
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Yaw

60

43

43

43

43

43

43

60

43

43

40

43

43

43

43

43

60

Xp/ Xy

0

0

0

.05

.25

.35

.45

.75

.85

.95

TABLE E2

EFFECTS OF VARIED X, YAW AND AREA

Yaw (Mixed) Psratio Ptratio
73.93 1.0044 .9979
0 1.0179 .9911
61.93 1.0015 .9953
59.60 1.0086 .9950
57.41 1.0077 .9950
51.85 1.0054 .9958
69.05 1.0040 .9966
46.92 1.0029 .9974
62.57 1.0011 .9979
51.03 1.002 .9978
46.08 1.00242 .9978
43.06 1.0026 .9978
0 1.0046 .9977
22.08 1.0040 .9977
45.3/ 1.0020 .9982
44,29 1.0012 .9989
43.54 1.0006 .9994
43.19 1.0002 .9998
43.02 1.0000 .9999
43.0 1.0 1.0
0 1.0 1.0
60.0 1.0 1.0
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E4. TESTING RESULTS

The results in Table El1 show excellent agreement between
the two predictions and suggest that the programmed fully-
mixed-out flow calculations are correct. It is not possible,
however, to determine with the programmed test case whether
the calculation will be accurate for all initial conditions.

It is noted that the inlet flow angle of 43 degrees gives
the maximum turning angle, during mixing, as determined by the
analysis program. The angle, in all cases of varying the flow
fraction at X;, is seen to increase as the fraction decreases,
until the fraction is about 0.1 of the flow area. Decreasing
the ratio of X, to Xy results in less turning in cases where

the flow area fraction is one-half.
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APPENDIX F

PROBE ANGLE REFERENCING

The free-jet method as described in Appendix C of
Reference 6 was used to relate the measured yaw angle to the
locus of the leading edges of the cascade blades. A digital
precision inclinometer with a resolution of 0.1° was used in

all the following angle measurements.

— Cascadé T.E. Locus

....j ........................ .. seeXeesse Horlzontal

vertical

Figure Fl. Probe Angle Referencing

1. Angle 6y is the angle of the leading edge of the cascade
to horizontal as illustrated in Figure F1l. The average
value obtained in blade-to-blade measurements was 0.25°.
This compared to 0.2° as measured by Dreon [Ref. 3].
The value of 0.2° was used.

147




/Flov

'\\Hozlzontal

5,

Figure F2. From North Side of Free-jet

2. Angle A,--The probe was pneumatically balanced (Figure
F2) at free-jet velocities of 200 and 250 feet per
second yielding A, equal to 49.7° at each velocity.

..... s............'.-... seseversisenas «eeeHorizontal

Figure F3. From South Side of Free-jet

3. Angle A,--The probe was pneumatically balanced (Figure
F3) at free-jet velocities of 200 and 250 feet per
second yielding A, equal to 49.1° and 49.0° respectively.
A, was taken to be 49.0°.

4. Angel A, is the angle of the probe pneumatic axis to the
surface of the bar (Figures F2 and F3).
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Using the measured values

A - (49.7-49.0,
2
A, = 49.35°

5. Angle §; is the inclination of the free-jet to the
horizcntal.

A -A.
57: 1 Z
g ( 5 )
Using the measured values
49.7-49.0
6 =
7 ( 3 )
d,=0.35°

6. Angle B;, is the angle of the pneumatic axis to the
vertical

B, = 90-A

o}

Using the calculated value of A,

B =90-49.35

Bya= 40.65°
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7. Angle 3';,, is the angle of the pneumatic axis to the
normal to the locus of the leading edges of the cascade
blading.

Bra= ﬁPA—aB =90-A -6,

Using the calculated values,

]
B = 40.45°

8. Angle B; is the vernier reading when the probe bar is
horizontal. Sirce the vernier scale is accurate only to
0.2°, By was measured by placing the probe's mechanical
axis verticai with the inclinometer and then measuring
the probe bar angle from horizontal with the
inclinometer. B, was measured to be 40.4°,

9. Angle R; is the flow angle as measured with the probe yaw
angle vernier's vcltage output.

10. Angle B is the flow angle to the normal to the locus of
the leading edges of the cascade blading.

Hence

]
B-_- ﬁp;,"’ (BF+ BH)
yieldisg the final expression for the referenced yaw angle of
B =40.45 + (B, + 40.4)

The above expression was incorporated in the Y“CALC"
program with a user input of By in the evant that it should

change. B; is input from the yaw transducer during a scan.
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